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By 
Olga Parshina 
Advisor: Irina A. Sekerina 
The thesis presents the first comparative investigation of reading fluency and factors that affect it 
by examining eye movements in reading by Heritage Speakers (HSs) and L2 learners of Russian. 
The eye movements of bilingual participants are compared to two control groups, monolingual 
adults and monolingual children. Following the introductory Chapter 1, in Chapter 2 we present 
the study that establishes basic eye-movement characteristics in reading for Heritage Speakers 
and L2 learners in connection to proficiency and linguistics factors of word length and 
frequency. Contrary to our predictions, we found that all eye-movement characteristics of high-
proficiency HSs are different from those of monolingual adults but are strikingly similar to eye 
movements of 8-year-old children. Low-proficiency HSs, on the other hand, were less similar to 
children and resemble more ‘typical’ unbalanced L2 learners. In general, bilingual readers 
fixated words for longer times, skipped words fewer times and regressed more than monolingual 
adults which is consistent with the weaker links account of bilingual language processing. The 
similarity in eye movements of high-proficiency Heritage Speakers to children is discussed 
within  the divergent attainment theory of Heritage Language development. 
The goal of the study in Chapter 3 is three-fold. First, using a scanpath approach 
(patterned sequences of eye movements) we identify common reading strategies that participants 
rely on in reading isolated sentences. Next, we ask whether these reading strategies correlate 
with the group to which the reader belongs, i.e., HSs, L2 learners, children, or monolingual 





strategy in two bilingual groups. Our results align with the findings in Chapter 2. We established 
that monolingual participants use qualitatively and quantitatively different reading strategy from 
all other groups, whereas high-proficiency HSs and low-proficiency HSs share the same strategy 
as children and L2 learners, respectively. We discuss findings in respect to divergent attainment 
theory of HL development as well as good-enough parsing account of sentence processing in L2 
which explains the instances of ‘unusual’ reading patterns of the low-proficiency bilinguals. 
Finally, in the two experiments included in the study in Chapter 4, we ask whether 
similar to monolinguals, Heritage Speakers and L2 learners are able to anticipate lexical and/or 
morphosyntactic information to facilitate sentence comprehension in reading. The results of the 
cloze test in Experiment 1 showed that HSs predict the upcoming lexical item with higher 
accuracy than L2 learners. Importantly, the size of vocabulary in Russian turned out to be a 
factor that affects the accuracy of lexical prediction, but the proficiency did not. We interpret 
results of the Experiment 1 in terms of prediction-by-production theory. Contrary to our 
hypothesis that L2 learners are more sensitive than HSs to morphosyntactic information in the 
sentence due to formal instruction, we did not find any evidence of morphosyntactic prediction 
in either of the bilingual groups. The findings of the Experiment 2 are consistent with HL 
theories of dominant language transfer as well as good-enough parsing hypothesis of bilingual 
language processing. 
Taken together, the results of the three empirical studies show that HSs of Russian, 
regardless of their proficiency level, often experience the same difficulties in reading as L2 
learners and young children: Their eye movements reflect poor decoding skill, reduced lexical 
access and difficulties with morphosyntactic information integration and prediction. We 





fluency. Their proficiency, however, determines the location of HSs on a ‘continuum’ of reading 
abilities where low-end resembles L2-like reading fluency, mid-point is equivalent to child-like 
reading abilities, and the endpoint represents the reading skill of a monolingual speaker. We 
offer it to future research to explore whether it is possible for HSs to achieve the endpoint of 
reading fluency continuum.  
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CHAPTER 1. GENERAL INTRODUCTION 
1.1.  Heritage Speakers vs. L2 learners: What is the difference? 
In the last two decades, interest in Heritage Languages (HLs) has grown rapidly due to the 
unique properties of this type of bilingualism. Broadly defined, Heritage Speakers (HSs) are 
bilinguals who were raised speaking the minority language and then shifted to the majority 
language at the age of school start, i.e., approximately at the age of 5–8 (Benmamoun et al., 
2013). It is this ‘heritage switch’ that occurs during or just right after the critical period of 
language acquisition that makes the HL studies fruitful for theoretical and applied 
psycholinguistics (Hartshorne et al., 2018 and Schwartz, 2004 for discussion of the upper age 
limit for the first language acquisition). While there seems to be a consensus that HSs represent a 
special group of bilinguals because of the nature of HL acquisition, the research is mostly 
focused on the question of how HL acquisition affects various areas of linguistic competence and 
how HSs differ from other groups of speakers in that sense. The answers come from the 
comparison of HL processing skills with language abilities of monolingual ‘baseline’ adults, 
monolingual children and, of course, second language (L2) learners.   
 L2 learners are bilinguals who started acquiring the second language after puberty and in 
the formal classroom setting. Just these two factors alone make the major differences between L2 
learners and HSs apparent. First, of course, it is the age of acquisition (childhood vs. adolescence 
or adulthood) and the type of acquisition (home vs. school or college). Second, the speakers 
differ in the modality of the linguistic input (auditory vs. combined auditory and visual) and its 
amount (childhood years vs. 2–3 years of language instructions). Finally, the type of input that 
these speakers receive (conversations at home vs. academic language, complex topics in school) 





other as well as to the baseline monolingual speakers and typically developing children in 
various linguistic domains (i.e., lexical access, morphosyntax, phonology in comprehension and 
production) can help illuminate which of these differences affect which aspect of bilingual 
language processing.  
 Beside theoretical benefits, the comparison between HSs and L2 learners is also valuable 
from an applied perspective. As this thesis focuses on Russian as a Heritage Language and as an 
L2 in the USA, let us consider the following statistic. According to the U.S. Census Bureau 
(2018), Russian is the 9th most spoken language in the United States with over 900,000 bilingual 
speakers across the country, and this number is projected to grow by 92% every decade (Ortman 
& Shin, 2011). Many of these bilinguals speak Russian as a HL. However, despite their early 
exposure to the HL, most HSs have very limited literacy skills. In fact, the majority of HSs 
cannot read or write in Russian, and struggle with complex syntax and morphology of the literary 
language, as well as with the difference of scripts between English and Russian. They are, 
however, very interested in maintaining the Russian language and culture and thus often enroll in 
Russian language programs in college with the specific purpose to improve reading and writing 
(Carreira & Kagan, 2011).  
L2 learners of Russian, on the other hand, regardless of the motivation, often come to the 
classroom with no background knowledge of the language. This situation creates a great 
disparity between students in the class and also between teaching strategies that are needed to 
target individual goals of HSs and L2 learners (Kisselev et al., 2020). Thus, identifying specific 
differences in L2 and HL language processing in an experimental setting can help teachers in 





1.2. The goal of the thesis 
The accumulation of more than 20 years of research on HLs gives us a generally good 
understanding of the major patterns in Heritage Language abilities. In a nutshell, phonology and 
syntax are linguistic domains that are the most resilient to change or attrition although there is 
evidence for ‘heritage accent’ and there are well-researched areas in syntax that are deviant from 
monolingual baseline, e.g., word order in heritage Russian.  In contrast, morphology and 
morphosyntax are subject to systematic and sometimes drastic internal changes in the 
grammatical representations (Polinsky, 2018, for comprehensive review). The least investigated 
areas in HL processing so far is literacy, namely, the ability of HSs to read or write in their HL. 
This is a substantial gap in the field considering that: 
 1) most comprehension studies use written materials and thus should take into account the 
baseline reading abilities of the participants;  
2) reading fluency in the non-dominant language has been repeatedly confirmed to correlate 
with L2 proficiency (Koda, 2007, for review);  
3) reading and writing are the weakest areas of HL competence (Carreira & Kagan, 2011; 
Polinsky, 2018); and 
4) literacy in HL is the area that HSs often want to develop and conserve the most.  
 
The ultimate goal of this thesis is to start filling in this gap by systematically examining 
reading fluency and factors affecting it in HSs of Russian and comparing their abilities to L2 
learners as well as to control groups of monolingual adult speakers and 8-year-old children. In 





linguistic skills necessary to effortlessly comprehend written materials (the definition is based on 
Wolf & Katzir-Cohen, 2001): 
1) automaticity of pre-lexical (i.e., decoding) processes at the word-level,  
2) automaticity of the lexical (i.e., word recognition) processes at the word-level,  
3) efficiency of morphosyntactic processing at the connected text-level, 
4) efficiency of syntactic processing at the connected text-level,  
5) success in semantic information integration at the connected text-level. 
In addition, we add the following component as a part of the developed reading fluency as it is 
repeatedly confirmed to be present in monolingual sentence comprehension at all linguistic 
levels (Pickering & Gambi, 2018):  
6) the presence of language prediction at the sentence-level.   
  To achieve this goal, we conducted three separate studies, each investigating 
(directly or indirectly) one of or combination of multiple components of the reading fluency in 
HSs and L2 learners of Russian. First, we begin by establishing eye-movement benchmarks, i.e., 
basic eye-movement characteristics in reading isolated sentences for both groups in connection 
to the linguistic factors of word length and frequency (Chapter 2: Eye-movement benchmarks in 
HL reading. The article is published online in a peer-reviewed journal). Subsequently, the data 
collected from HSs and L2 learners are compared to data collected from monolingual Russian-
speaking adults and children. Second, we use the scanpath method to identify reading strategies 
that HSs and L2 learners use while reading simple child-adapted sentences in Russian and 
whether these strategies are similar to those of monolingual adults and children (Chapter 3: 
Monolingual and Bilingual Reading Strategies in Russian: Exploratory Scanpath Analysis. The 





monolingual speakers, HSs and L2 learners use prediction abilities in reading to facilitate 
comprehension (Chapter 4: Prediction abilities of HSs and L2 learners of Russian in reading. 
The article is in preparation for submission). Table 1.1 presents the summary of the tasks 
employed in the studies and the corresponding components of the reading fluency the tasks aim 
to test. The detailed description of each task is in the respective chapters. 
Table 1.1. Summary of the tasks in the thesis by chapters.  
 
Findings of these empirical studies are discussed in relation to current models of HL 
processing (divergent attainment, HL attrition, dominant language transfer) and L2 processing 
(weaker-links hypothesis, failed functional features hypothesis, good-enough parsing account) 
that offer interpretations of the variance in the data within and between groups as a reflection of 
reading fluency components (i.e., pre-lexical and lexical access, morphosyntactic and semantic 
Task Studies in Chapters Reading Fluency Component tested 
 Сh.2 Ch.3 Ch.4  
Word Identification (ENG) 
✔ ✔ ✔ 
Word-level Decoding 
Word Identification (RUS) 
✔ ✔ ✔ 
Word-level Decoding 
Oral Reading Fluency (RUS) 
✔ ✔ ✔ 
Connected-test components 
Oral Reading Fluency (ENG) 
✔ ✔ ✔ 
Connected-test components 
Sentence reading: 
   
 
Advanced corpus 
✔   
All components 
Beginner corpus   
✔ ✔  
All components 
Cloze-test  
  ✔ 
Lexical prediction 
Gender agreement violations 






integration, and prediction). The thesis concludes with a general discussion of the empirical work 
and a summary of an emerging picture of reading abilities in Russian as HL and L2 (Chapter 5). 
In what follows, we provide a brief description of the Russian orthography and overview of the 
theories of HL and L2 processing that are relevant for the thesis and then discuss the goals for 
each article that comprises Chapters 2–4.   
1.3. A brief description of orthography and morphosyntactic properties in Russian 
Russian uses the Cyrillic alphabet consisting of 33 letters, 21 of which are consonants, 10 vowels 
and 2 hard and soft diacritic markers to denote the (non)palatalization of the immediately 
preceding consonant. Despite relatively straightforward grapheme-to-phoneme correspondence 
in Russian (i.e., shallow orthography vs. deep orthography in English), when reading the whole 
word or connected text, some letters can be pronounced differently depending on the position in 
a word. One of the most prominent features of Russian is the vowel quality change in unstressed 
syllables which is not reflected in the orthography. For example, the vowel /o/ when unstressed 
can represent multiple allophones: [ɐ] as in ‘oni’ [ɐnʲˈi] (they), [o], as in ‘radio’ [rˈadʲɪo] (radio), 
or [ə] as in ‘tol’ko’ [tˈolʲkə] (only).  Consonant assimilation and final consonant devoicing are 
two other phonetic laws in Russian that are also not manifested in the orthography (e.g., ‘lug’ 
(meadow) and ‘luk’ (onion) are pronounced as [l’uk]; ‘leghkiy’ (lightADJ) is pronounced as 
[ˈlʲɵxʲkʲii], eliminating sound [g] before [x]). While these irregularities more often present 
challenges in spelling (i.e., phoneme-to-grapheme conversion) rather than in reading (Kerek & 
Niemi, 2009; Kornev et al., 2010), they would still require sufficient knowledge of phonetic rules 
and orthographic patterns for efficient grapheme-to-phoneme decoding, especially in cases when 





 In addition to the knowledge of orthographic and phonetic laws, morphological 
awareness is crucial for literacy acquisition in Russian as morphemes carry the information about 
grammatical structure of the sentence. Readers must distinguish morphemes that denote case, 
gender, number on nouns, adjectives and pronouns, as well as gender, number, tense and aspect 
markings on the verbs. In a nutshell, Russian has six cases (nominative, genitive, dative, 
accusative, instrumental, and prepositional); the inflections on the nouns and pronouns change 
according to the case and declensional paradigm; nouns also must agree with modifying 
adjectives in number and gender. Although verbs have only three tenses (past, present and 
future) that are typically marked with affixes (for past and future tense) or analytic forms (for 
future tense), there are some other rules that cause changes in the form of the verb. Specifically, 
Russian verbs must agree with nouns/pronouns in number and person (and gender in the past 
tense) which is reflected in the verb endings. In addition, verbs in past and future tenses express 
one of the two aspects (typically through prefixes): perfective for competed actions and 
imperfective for the ongoing and incomplete action.  
 In Russian, orthography and morphology are closely connected, wherein orthography is 
based on a morphological principle (Abu-Rabia, 2001) —  each morpheme has a consistent 
orthographic representation despite possible changes in its phonetic form due to the various 
phonetic processes. However, the widespread presence of homonymous morphemes (e.g.,  zapet’ 
[zapiet’] (to start singing) vs. zaplanirovat’  [zaplanirəvət’] (to plan for future)) can complicate 
the situation in comprehension as it requires the knowledge of the morpheme meanings. In 
addition, morphemes and syllables in Russian often do not share the same boundaries (Kerek & 
Niemi, 2009), posing further challenges in morphological structure decomposition. To prevent 





system and orthography, children as early as in the second grade are undergoing explicit 
instruction in morphemic analysis of words (Kerek & Niemi, 2012).  
1.4. Theories of HL processing and their predictions for reading fluency 
The deviance of HSs from L2 learners and monolingual speakers in various aspects of language 
processing is traditionally explained through the following accounts of HL development: 1) 
divergent attainment; 2) dominant language transfer; and 3) HL attrition (Polinsky, 2018). It 
should be noted that these accounts are not mutually exclusive, and in many situations, the 
combination of two or all three is appropriate for data interpretation.  
1.4.1. Divergent attainment 
Initially presented as ‘incomplete acquisition’ (Polinsky, 2006), divergent attainment 
suggests that the development of HL at all linguistic levels slows down and eventually stops and 
‘freezes’ due to the heritage switch from the minority to the majority language. As a result of this 
drastic decrease in HL input and, accordingly, output, HL becomes functionally a weaker 
language with the developmental delay surfacing in many aspects of language processing. The 
main outcome predicted by this theory is as follows: As this ‘switch-and-stop’ process occurs 
roughly around the age of school entry, the language abilities of HSs in their HL should 
resemble the language abilities of school-age monolingual children.  
 What does this account mean for the predictions in relation to reading abilities in HL? 
Simply speaking, HSs are expected to read in the same manner as 2nd or 3rd graders and resemble 
children more than L2 learners. Specifically, when talking about the mechanics of reading, HSs 
should produce comparable reading times and a similar number of fixations, word skipping, and 





reading (i.e., sentence or text), HSs and children may rely on the same reading strategies for the 
most efficient comprehension (e.g., re-reading of unfamiliar words or entire sentences vs. 
skipping difficult words and guessing their meanings). Finally, relevant to the discussion in the 
thesis (although not investigated), the divergent attainment holds that HSs would resemble 
children more than monolingual adults in their use of language prediction to speed up 
comprehension in reading.  
1.4.2. Dominant language transfer 
The name of this theory speaks for itself. In fact, dominant language transfer in HL 
stems from the long history of this account applied to L2 acquisition (Benmamoun et al., 2013, 
for review). Dominant language transfer suggests that the dominant language can affect the 
acquisition of the HL in all linguistic domains (phonology, morphosyntax, semantics, lexicon). 
As a result of this influence, HL undergoes systematic restructuring in the affected domains, 
especially evident when the dominant language has ‘simpler’ representations. For example, 
research with English-dominant HSs of Russian and Spanish demonstrated that these speakers 
are not sensitive to the morphological markers of case, gender or tense in HL production and 
comprehension (Montrul et al., 2008; Polinsky, 2008). These findings are attributed to the idea 
that the ‘simplification’ of grammatical systems in HL is due to the absence of rich 
morphological paradigms in their dominant language (Polinsky, 2018). 
With respect to reading abilities, the dominant language transfer theory is closely 
intertwined with the interdependence hypothesis that is more commonly cited in the second 
language research field (Cummins, 1979; Abu-Rabia, 2001 for recent review of the hypothesis). 
The interdependence hypothesis suggests that reading skills in the dominant language are 





cognitive/academic ‘proficiency’. One can theorize that the predictions of the interdependence 
hypothesis extend to the Heritage Languages. The first prediction concerns the ‘surface’ features 
of reading skills, namely, it suggests that language-specific reading technique or strategy 
developed in the dominant language may be also applied to the weaker Heritage Language. Such 
a relationship, if it exists, should manifest itself on multiple levels, i.e., the basic eye-movement 
characteristics and global reading strategies in comprehension. 
The second prediction concerns mental lexicon properties of bilingual readers. As shown 
by the decades of the research on bilingual lexical access (Kroll & Ma, 2018), the mental lexicon 
in bilingual speakers is shared between the two languages. Thus, if the dominant language has an 
effect on reading in the HL, this influence can go in multiple directions: 1) facilitate lexical 
access in reading when words in lexicon share phonological and semantic characteristics (i.e., 
cognates); 2) delay lexical access when words in lexicon share phonological but not semantic 
characteristics (i.e., homographs); 3) facilitate sentence processing when the syntax of the 
sentence is similar to the dominant language (e.g., SVO order); and 4) interfere with sentence 
processing when syntactic relationships are different (e.g., free word order in HL vs. fixed order 
in dominant English).  
It is important to note, however, that the transfer of reading techniques and strategies is 
subject to the cross-linguistic differences in the orthography of the two languages. Recent studies 
suggest that readers differ in the use of reading techniques dependent on the depth of the 
orthography of that language (for a review Lallier & Carreiras, 2018; Ziegler & Goswami, 2005). 
Specifically, readers in the languages with deep orthography (e.g., English or French) benefit 
from the reliance on large-size units, such as clusters of letters, rimes or whole words, whereas 





sublexical reading, i.e., grapheme-to-phoneme decoding in one-to-one relationship. Thus, the 
reading skill transfer between languages with different orthographies and different scripts (as 
English and Russian in this thesis) is not a trivial process and is likely to cause interference 
rather than facilitation. 
In this thesis, we interpreted the findings both within theories of dominant language 
transfer in HLs and the interdependence hypothesis in second language processing. Specifically, 
we checked whether reading ability in English affects basic eye movements and global reading 
strategies in Heritage Speakers (the interdependence hypothesis), and their morphosyntactic 
prediction abilities (dominant language transfer). Nevertheless, the careful and systematic 
investigation of the effect of the lexical transfer is beyond the scope of the thesis. We did, 
however, interpret the results of our studies taking into account the implication of lexical transfer 
in each of the study, and thus can draw some conclusions regarding the directions of L1 
influence, if any. It should be noted that all these predictions are applicable to L2 learners too. 
Thus, the crucial question is whether HSs are as susceptible to the dominant language influence 
in reading as their L2 counterparts. On the one hand, the intuitive prediction is that early 
exposure to HL should get HSs some ‘immunity’ to L1 interference. On the other hand, L2 
learners, in general, have more experience with written materials in the L2 due to years of 
schooling and, therefore, might be able to inhibit L1 interference more than HSs. 
 
1.4.3. Heritage Language attrition 
 Language attrition refers to a loss of the already acquired linguistic abilities in a 
bilingual environment due to insufficient exposure to this language (Montrul, 2008). Applying 





mastery in the HL (contingent on the age of immigration) but the linguistic skills in some areas 
of the competence were lost after the heritage switch.  
There are several studies that support such a possibility. For example, adult HSs of 
Russian performed worse than bilingual children (‘future HSs’) in the processing of relative 
clauses with subject gaps (Polinsky, 2011), suggesting that the ability to process such structures 
was lost at some point of HL development. Another example is the series of longitudinal studies 
(Silva-Corvalán, 2003, 2014) in which Spanish-speaking children who immigrated to an English-
speaking country at the age of 8 or later were reported to produce errors in case and gender 
agreement that increased with age. While these studies present an optimal design for checking 
the predictions of the HL attrition theory, they often are too time- and resource-consuming. 
Another possibility is to compare the performance of monolingual children and adult HSs on the 
same linguistic phenomena. If children outperform HSs, this will point to the presence of 
necessary linguistic skills in young speakers and the absence of the same skills in HSs (cf. to 
divergent attainment theory, which predicts children to perform on par with adult HSs). 
While we do not have the longitudinal design in the empirical studies in this thesis, we do 
have monolingual children as a comparison group in the studies in Chapter 2 and Chapter 3. 
Thus, in case we find that in reading tasks our 2nd graders, who just started to learn how to read, 
perform better than adult HSs (i.e., read faster, skip more but regress less. or use qualitatively 
different reading strategies), we can take these results as evidence for the attrition of reading 
abilities in HL.  
To summarize, theories of HL development lead to quite different predictions concerning 
reading abilities of HSs in comparison to L2 learners and monolingual children and adults. 





in this thesis will undoubtedly contribute to the main debate in HL research, i.e., the direction of 
the development of language abilities in HLs after the switch to the majority language. We 
suggest treating reading abilities of HSs (and L2 learners) as an epiphenomenon of their skills in 
processing written language. While the empirical studies in the thesis do not target any linguistic 
domain in particular (with an exception of prediction abilities in Chapter 4), they illuminate 
difficulties that these speakers might experience in lexical access or morphosyntax processing 
during reading.  
1.5. The interplay between processing theories of L2 and HL 
While HL theories described in Section 1.4 provide a good basis for understanding differences in 
HL grammar outcomes in comparison to other groups of speakers, they are not specific enough 
when we need to interpret the results in terms of the underlying reasons for variation in reading 
fluency in HL and L2 groups. To make this idea less abstract, let us consider one finding from 
Chapter 2, namely, that HSs and L2 learners skip the words in the sentence with the same 
probability as children. This finding might indicate that the divergent attainment theory makes 
correct predictions concerning the developmental ‘freeze’ in HL abilities. However, the theory 
does not explain why HSs and L2 learners (and children for that matter) skip words with 
considerably lower probability (approximately only 10% of words are skipped in the sentence) 
compared to monolingual adults (34%). To be able to interpret these results, we turn to 
processing theories of bilingual lexical access in L2.  
 Regardless of the type of bilingualism (L2 or HL), the amount of input in the non-
dominant language is the key factor for a speaker’s proficiency in that language (Polinsky, 2018) 
(see Section 1.6 below). From this, it follows that the frequency of the exposure to L2 or HL 





hypothesis (Gollan et al., 2008) that originally aimed to explain the disadvantage of bilinguals in 
production tasks. Its implications, however, extend to comprehension as well.  
 In sum, the weaker links hypothesis suggests that due to the inevitable split in usage 
between two languages, bilinguals are exposed to one of the languages (dominant) more 
frequently than to the other (non-dominant). As a result, the links between words and their 
representations in the lexicon of the non-dominant language are weaker in comparison to the 
connections in the dominant language. Accordingly, when bilinguals read in their L2 or HL, it 
takes more time to decode and process the word (i.e., to recognize and access it in the lexicon) 
than it would take for a monolingual speaker. Both the divergent attainment and attrition 
theories explain well why this is might be true for Heritage Speakers. After the switch to the 
majority language, the frequency of exposure to HL is significantly reduced, resulting in 
‘decaying’ links in the mental lexicon, which in case of attrition might eventually be lost 
completely.  
In terms of more global sentence-level processing, in this thesis we mention two accounts 
from the bilingual language processing literature. First, the good-enough parsing hypothesis 
(Ferreira et al., 2002) is premised on the assumption that bilinguals use general heuristics 
(semantics and pragmatics) to process the input instead of paying attention to morphosyntactic 
information in the sentence. Second, the failed functional features hypothesis (Franceschina, 
2005) suggests that if bilinguals acquired their L2 after puberty, some of the abstract 
grammatical features absent in their L1 (e.g., gender/Case agreement feature checking in Russian 
vs. English) may not be available in their L2.  
The first hypothesis can offer explanations of differences in reading strategies between 





proficiency HSs, Chapter 2) and insensitivity of bilinguals to morphosyntactic errors (Chapter 4).  
Interestingly, the second hypothesis can offer a direct test of the attrition theory of HL. 
Specifically, the failed functional features hypothesis suggests that because HSs acquired the 
language before puberty, they should be able to attend to morphosyntactic features (unlike L2 
learners) on par with monolinguals, but it interacts with the attrition theory which suggests that 
these features might be lost in HL due to the decreased amount of HL input. The results of the 
study in Chapter 4 (Experiment 2) confirm predictions of the attrition account. There is some 
evidence from HL production research, however, that prevent us from making firm conclusions; 
we discuss the implications in the respective Chapter 4.  
1.6. Proficiency as a common denominator for comparison of HSs and L2 learners 
It is widely accepted that L2 proficiency is an influential predictor of efficient bilingual language 
processing. Although the term ‘proficiency’ is very poorly defined in the literature, it can be 
broadly referred to as the proximity of an L2 learner to the linguistic skills of a baseline 
monolingual speaker in language comprehension and production (Cummins, 1980). Thus, the 
higher the proficiency level, the more the language processing abilities (in lexicon, 
morphosyntax, and phonology) resemble those of a native speaker. Not surprisingly, proficiency 
has the same effect on HL competence. In fact, HL researchers agree (maybe not always 
explicitly) that HL proficiency is the cornerstone of the linguistic abilities of HSs across all 
linguistic domains both in comprehension and production (Carreira & Kagan, 2011; Gor, 2018; 
Montrul, 2008, 2016; Polinsky, 2018).  
Proficiency in L2 was repeatedly confirmed to be predictive of reading fluency in a non-
dominant language (Koda, 2007, for review). The relationship seems to exist in the opposite 





fixation durations, skipping, and regression probabilities in reading can predict L2 proficiency 
similar to the way standardized tests do. Similarly, Huetig and Pickering (2019) speculate that 
reading acquisition facilitates prediction abilities in speech, which in turn is a correlate of 
proficiency in the language (Pickering & Gambi, 2018).  
 That said, it was necessary to include L2 and HL proficiency in our investigation of 
reading abilities and prediction in reading. Unfortunately, despite two decades of research in 
HLs, the field still lacks a unified proficiency assessment for HSs in Russian that would assess 
their general language abilities while taking into account HSs’ relative advantage in oral 
language over written language. As a solution, in all three chapters of this thesis, we 
operationally defined proficiency of HSs and L2 learners as a set of scores in decoding skill, 
reading speed, quality of reading, and comprehension based on their performance on two reading 
assessment tests that were created for testing reading fluency in monolingual Russian second-
graders (Fotekova & Akhutina, 2002). As a result, all of our bilingual participants were 
compared in reading fluency to typically developing 8-year-old monolingual children (see details 
in Section 2.3.2).  
1.7. Overview of the goals of Chapters 2–5 
Chapter 2 entitled ‘Eye-movement benchmarks in HL reading’ presents the first step in our 
investigation of reading abilities in HSs and L2 learners. In this chapter, using eye-tracking, we 
explored the basic characteristics of eye movements in reading in low- and high-proficiency HSs 
of Russian in comparison to L2 learners, monolingual skilled adult readers, and 8-year-old 
children. First, we asked how proficiency in HL is reflected in the early and late eye-movement 
measures in reading isolated sentences. Second, we explored between-group differences in 





the most, namely, L2 learners, children, or monolingual adults. Finally, we confirmed the 
canonical effects of word length and frequency on eye movements in HL and L2 reading. 
Overall, the primary goal of this chapter was to establish the ‘baseline’ reading abilities of HSs 
with varying proficiency and compare them to L2 and monolingual readers. The obtained results 
are discussed with respect to the divergent attainment and attrition theories of HL acquisition as 
well as the weaker links hypothesis of bilingual lexical access in L2.   
 Chapter 3 entitled ‘Monolingual and bilingual reading strategies in Russian: Exploratory 
scanpath analysis’ was designed with three goals in mind. First, using a scanpath approach (von 
der Malsburg & Vasishth, 2011), we identified which reading strategies (beginner, intermediate, 
and fluent) were common among participants from the same four groups as in Chapter 2, i.e., 
HSs, L2 learners, and monolingual children and adults. Next, we asked whether the group 
membership predicts the preference for the specific reading strategy. Finally, for HSs and L2 
learners, we investigated the effect of various demographic and reading performance factors 
(e.g., proficiency, age of arrival, exposure to non-dominant language, comprehension abilities, 
reading fluency in English) on the predominant reading strategies that they rely on (as 
established in the second goal). We discuss findings with respect to the divergent attainment 
theory of HL development as well as the good-enough parsing account of language processing in 
L2. 
  Chapter 4 entitled ‘Prediction abilities of Heritage Speakers and L2 learners of Russian 
in reading’ addresses the prediction component of reading fluency. In two experiments, we 
examined the ability of HSs and L2 learners to anticipate upcoming lexical and morphosyntactic 
information during reading. In Experiment 1, we used a cloze test to determine whether HSs are 





based on the context of the sentence. In Experiment 2, in an eye-tracking reading task, we asked 
the same question but with respect to morphosyntactic prediction. Specifically, we investigated 
whether HSs are more on par with L2 learners or monolingual speakers in their sensitivity to 
morphosyntactic violations in gender agreement between the noun and a modifying adjective. 
The findings are discussed in terms of the prediction-by-production theory (Pickering & Gambi, 
2018), HL theories of dominant language transfer and attrition (Scontras et al., 2015) as well as 
the failed functional features hypothesis (Franceschina, 2005) and the good-enough hypothesis 
(Ferreira et al., 2002) of bilingual language processing.  
Chapter 5 concludes the thesis. The chapter starts with the general overview of the results 
of all empirical studies described in Chapters 2–4, followed by evaluation of the results with 
respect to theories of HL development, L2 processing and prediction in language comprehension. 
For the convenience of preview, Table 1.2 presents results from all experiments across chapters 
with respect to these theoretical accounts. We conclude Chapter 5 with the discussion of the 






Table 1.2. Summary of theories of HL acquisition and L2 processing discussed in the thesis by 
chapters. ✔ - confirmed, X - not confirmed, “?” – research needed,  “—”  -  not applicable or 
not discussed. 
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CHAPTER 2. EYE-MOVEMENT BENCHMARKS IN HERITAGE LANGUAGE 
READING 
This chapter is reproduced from an article in Bilingualism: Language and Cognition (for 
consistency, we have adjusted the format of the manuscript for the thesis). The full reference to 
the article: 
Parshina, O., Laurinavichyute, A. K., & Sekerina, I. A. (2020). Eye-movement benchmarks in 




This eye-tracking study establishes basic benchmarks of eye movements during reading in 
Heritage Language (HL) by Russian-speaking adults and adolescents of high (n = 21) and low 
proficiency (n = 27). Heritage Speakers (HSs) read sentences in Cyrillic, and their eye 
movements were compared to those of Russian monolingual skilled adult readers, 8-year-old 
children and L2 learners. Reading patterns of HSs revealed longer mean fixation durations, lower 
skipping probabilities, and higher regressive saccade rates than in monolingual adults. High-
proficiency HSs were more similar to monolingual children, while low-proficiency HSs 
performed on par with L2 learners. Low-proficiency HSs differed from high-proficiency HSs in 
exhibiting lower skipping probabilities, higher fixation counts, and larger frequency effects. 
Taken together, our findings are consistent with the weaker links account of bilingual language 





2.1.  Introduction 
Heritage Language (HL) has only recently become a valued source of data for research in 
theoretical linguistics due to its unique properties. HSs (HSs) are early bilinguals who were 
raised speaking the minority language but switched to the majority language in later childhood 
(Valdés, 2000). In many aspects of language production and comprehension, they differ from 
other bilinguals such as second language learners. Despite the early exposure to the HL, most 
HSs have very limited literacy skills, especially when the HL orthography is different from the 
majority language, as in the case of Arabic, Chinese, Korean, and Russian, with English being a 
majority language in the USA (Benmamoun et al., 2013; Carreira & Kagan, 2011; Koda et al., 
2008; Polinsky & Kagan, 2007; Xiao, 2006). In this eye-tracking study, we investigate reading 
skills of bilingual adult and adolescent speakers of Russian, non-Roman-based HL, and explore a 
connection between reading and the proficiency level in HL. 
 We start with a brief description of universal eye-movement measures in reading and 
how they are affected by lexical properties of the words. Then we present the novel Bilingual 
Russian Sentence Corpus (BiRSC) that focuses on reading skills in two groups of bilingual 
heritage Russian-English HSs and compare them to the two previously studied comparison 
groups, namely, Russian-speaking monolingual skilled readers (RSC; Laurinavichyute et al., 
2019) and Russian-speaking monolingual children learning to read (Korneev et al., 2017). We 
add another comparison group, L2 learners of Russian, and demonstrate that the proficiency in 
HL only weakly influences eye-movement characteristics in reading as HL reading patterns 
regardless of their proficiency were more similar to L2 learners and children than monolingual 






2.1.1  Eye-movement benchmarks in monolingual reading 
The start of the basic eye-movement research in reading goes back to the early 20th 
century (Huey, 1908) and since then language researchers have been using eye-movement 
measures to test various psycholinguistic theories (Radach & Kennedy 2004; Rayner, 2009) as 
well as the models of eye-movement control (Reichle et al., 1998; Engbert et al., 2002; Engbert 
et al., 2005). These measures are traditionally classified either as early or late (see Table 2.1 for 
the list of measures and their description), depending on what stage of language processing they 
reflect (Clifton et al., 2007; Kuperman & Van Dyke, 2011; Roberts & Siyanova-Chanturia, 
2013). Early measures are generally sensitive to lexical access, early information integration, and 
early morphological decomposition (but see Vasishth et al., 2013, for discussion). Late measures 
are indicative of post-lexical processing wherein they reflect reanalysis and recovery from 





Table 2.1. Early and late eye movement measures in reading. 
 
Lexical properties of the word that influence eye movements, i.e., frequency, 
predictability, and length, are also well-established (for review, see Staub & Rayner, 2007). 
Typically, high-frequency words are recognized faster compared to the low-frequency words, the 
phenomenon known as the word frequency effect (FE, e.g., Inhoff & Rayner, 1986). In terms of 
eye-movement measures, the effect leads to shorter mean fixation durations and higher skipping 
probabilities on the high-frequency words. The same findings are observed for words with high 
Abbreviation Measure 
EARLY: 
 Initial saccade landing position: reflects pre-lexical processing and is 
responsible for some of the subsequent saccade decisions. 
FFD First fixation duration: the duration of the first fixation on a word 
SFD Single fixation duration for words that are fixated only once during first pass 
reading 
GD Gaze duration: the sum of all fixations on the word before the eyes move 
elsewhere 
P0 Probability of skipping the word 
P1 Probability of fixating the word only once 
LATE: 
TT The sum of all fixation durations on the word 
RO Probability of regression saccade to the previous word from the current word 
RG Probability of regressing back to the word from the following word 





predictability. Conversely, reading times increase as the length of the word increases whereas the 
skipping likelihood decreases (Rayner, 1998).  
The effects of lexical properties on eye movements are universal across languages despite 
differences in grammar and script, supporting the theory of the “universal science of reading” 
(Share, 2008). The basic eye-movement characteristics, on the other hand, vary dependent on the 
writing script (e.g., alphabetic vs. logographic), visual and informational density (Liversedge et 
al., 2016). In English, the mean fixation durations in monolingual adults typically range between 
220–250 ms as a function of the word’s length, frequency and predictability as well as its fit in 
semantic and syntactic context of the sentence. Approximately one-third of all words are 
skipped, with skipping probabilities contingent on the word length (i.e., 3-letter words are 
skipped 70% of the time, 7-letter ones only 20%; function words are skipped more often than 
content words). The probability of regressions is about 20%, but it varies depending on the 
syntactic and semantic complexity of the text.  
The saccade landing position is also dependent on the writing system. This measure 
provides information about the preferred viewing position within the word and serves as the 
basis of comparison with the optimal viewing position (OVP). O'Regan and Jacobs (1992) 
demonstrated that in cases where the first eye fixation is in OVP, the word is recognized faster 
and requires fewer re-fixations. In alphabetic languages with Latin script, such as English, 
German or French, OVP is located closer to the center of the word (Hyönä & Bertram, 2011; 
Nuthmann et al., 2005; Vitu et al., 2001). In logographic non-Roman-based languages, such as 
Chinese, it varies from the center of the word that was fixated only once to the beginning of the 





length, wherein short words attract center-based saccade landing and long words receive the first 
saccade at the beginning of the word (Paterson et al., 2015). 
In monolingual children (findings from English and Finnish), eye-movement benchmarks 
reflect their developmental nature, with longer mean fixation durations (280–300 ms), lower 
skipping rate (ranging from 9% to 39% of all words), and more regressions (30%). In 
comparison to adults, children are slower with grapheme-to-phoneme decoding process 
compared to adults due to less experience with written materials and smaller visual perceptual 
span. Similar to adults, children as young as 7 years old tend to land the first saccade closer to 
the word center (Barnes & Kim, 2016; Blythe & Joseph, 2011; Joseph et al., 2009; Vitu et al., 
2001). The differences in reading skills gradually disappear with age (Blythe, et al., 2011; Häikiö 
et al., 2009; Mancheva et al., 2015). 
 
2.1.2 Eye-movement benchmarks in bilingual L2 reading  
Only recently have eye movements in reading become a more common object in 
bilingualism research. The primary goal of these studies is to use the eye-movement 
characteristics in L2 reading to tap into key debates of bilingual language processing, such as 
lexical access, organization of bilingual mental lexicon, and grammatical and discourse 
processing (for review, see Roberts & Siyanova-Chanturia, 2013).  
 Early eye-movement measures (see Table 2.1) reflect lexical access, therefore, they could 
be used to empirically test theories of word representations in the bilingual lexicon, such as the 
weaker links account (Gollan et al., 2008), according to which the reduced exposure and less 
accumulated practice of both of the bilingual’s languages lead to the weakened links between 





language is slowed down as reflected in larger frequency effects and longer reading times. 
Proficiency, however, should modulate these effects because high-proficiency L2 bilinguals have 
higher amounts of non-dominant language exposure.  
Indeed, in recent L2 corpus eye-movement studies with unbalanced L1 Dutch-L2 English 
readers, Cop and colleagues (Cop et al., 2015; Cop et al., 2017) found longer total reading times 
(1523 ms), longer average fixation durations (239 ms), more fixation counts (8.3 per sentence), 
and decreased skipping probability (48% vs. 52% in L1) in reading in a non-dominant language. 
In that sense, L2 readers resemble young monolingual children who just started to learn to read 
(Blythe & Joseph, 2011; Blythe et al., 2011) or low-literate monolingual adults (Barnes & Kim, 
2016; Kuperman & Van Dyke, 2011). However, the influence of L2 proficiency on sentence 
level reading parameters was small (only the fixation count was affected) suggesting that L2 
reading can be close to L1 but quite variable. There was no difference in bilinguals’ L1 and 
monolingual reading which implies that for late bilinguals, the strength of links between lexical 
representations and word forms for L1 words is comparable to that of monolingual readers.  
Whitford and Titone (2012, 2016, 2017) who recorded eye movements of late L2 
bilinguals of various ages (18–86 years), different language dominance (English or French), and 
proficiency found that the amount of exposure to the weaker language determined the magnitude 
of the frequency effect, with lower levels of exposure leading to larger frequency effects in early 
and late eye-movement measures in L2. Berzak, Katz and Levy (2018) recently demonstrated 
that the proficiency level in L2 could affect eye movements even more directly. They found that 
first fixation duration and total reading times not only correlated with standardized tests of 
English language proficiency (MET: r = .5 and TOEFL: r = .54) but were also effective in 





To summarize: Monolinguals and high-proficiency bilingual adult readers do not show 
significant qualitative differences in eye-movement measures in L1 reading (cf. Whitford & 
Joanisse, 2018, for differences in bilingual children). However, eye movements in low-
proficiency L2 readers are characterized by longer fixation durations, lower likelihood of 
skipping the words, higher probabilities of regressive saccades, and larger frequency effects 
making them similar to monolingual children or monolingual adults with poor reading skills. 
Such empirical findings support the weaker links account (Gollan et al., 2008) that puts exposure 
to non-dominant language as the bottleneck factor affecting various aspects of non-dominant 
language processing, including acquisition and fluency of reading skills. 
2.1.3 Reading in a Heritage Language   
Little is known about literacy skills of young adult HSs whose HL development was 
interrupted by the start of school in the dominant language. With respect to reading, previous 
research suggests that there are no benefits of the early exposure to literacy in HL. Earlier studies 
that compared Chinese L2 learners and Chinese HSs reported no difference between these two 
groups in Chinese character recognition, reading comprehension or vocabulary knowledge (Ke, 
1998; Xiao, 2006). More recent HL research revealed only the facilitatory effect of vocabulary 
on reading comprehension in HL (Zhang & Koda, 2018).  
Literacy remains the weakest domain in HSs in comparison to L2 learners who 
outperform them on a variety of written tasks, even when the dominant and HL languages share 
the same script, such as English and Spanish (Keating et al., 2011; Potowski, et al., 2009; Tse, 
2001). While the reasons for L2 advantage in written tasks is a topic for separate research, one 





acquire language at home and, in most cases, have very limited experience with its written form, 
whereas L2 speakers receive formal classroom instruction aimed to speed up literacy acquisition.  
In contrast to literacy, oral competency in HL is consistently linked to better performance 
of HSs in auditory tasks compared to L2 learners. For example, Gor, Cook, Pandza and 
Chrabaszcz (2018, February) compared the performance of 28 Russian HSs and 31 L2 learners 
in a grammaticality judgment task (GJT) in visual and auditory modalities. The results showed 
that while there was no difference in accuracy scores among groups on the visual GJT, HSs 
outperformed proficiency-matched L2 learners in the auditory modality. Considerably better 
auditory language processing skills are also reported for Chinese HSs (Xiao, 2006) and Spanish 
HSs (Potowski et al., 2009). From a pedagogical perspective, it is important to identify how 
literacy skills differ between HSs and L2 learners so that they can be targeted for training in 
heritage or mixed language learning classrooms. 
As of yet, eye-movement benchmarks in reading in HL remain unknown, and their 
investigation is the primary goal of the present study: This is the first eye-tracking study of 
reading in HL in young adult HSs of non-Roman-based orthography that compares HSs to 
monolingual children learning to read and L2 learners and explores a connection between 
reading in HL and the proficiency level. We seek answers to research questions in (1)–(3): 
(1) How does proficiency (high vs. low) in HL defined by simple reading tests affect eye 
movements in reading isolated sentences? 
(2) Whose eye-movement patterns do HSs’ patterns resemble the most: those of adult L2 
learners or monolingual Russian children learning to read?   
(3) Will canonical effects of word length and frequency (both foveal and parafoveal) hold 





2.1.4. Eye-movement benchmarks in reading in Russian 
The non-Roman-based Cyrillic alphabet, complex polysyllabic structure of the words, and 
morphological richness distinguish Russian from many other European languages (for overview 
of Russian orthography, see Rakhlin et al., 2017) and make it an ideal target for comparative 
reading research in alphabetic languages. Despite the fact that this method of eye-movement 
recordings was tested in the Soviet Union as early as in the 1960s by Alfred Yarbus (1967), until 
recently, there were no studies that investigated eye-movement benchmarks in Cyrillic in 
monolingual Russian adults or acquisition of reading in Russian children. To the best of our 
knowledge, the study that established the Russian Sentence Corpus (RSC, Laurinavichyute et al., 
2019) was the first one to fill in this gap. Eye movements of monolingual Russian 8-year-old 
children were also only recently investigated, using a design parallel to the RSC (Korneev et al., 
2017). In order to test our predictions regarding eye-movement benchmarks and literacy skills of 
HL Russian young adults, we will use the previously collected data from skilled monolingual 
readers and monolingual children and compare our novel data form HSs and L2 learners to them.  
2.1.5 Russian Sentence Corpus (RSC) and its child version  
The RSC design follows the cross-linguistic protocol of the Potsdam Sentence Corpus for 
German (Kliegl et al., 2004) and includes basic eye-movement characteristics of 96 skilled 
monolingual Russian readers (66 women, MAge = 24, range 18–80). The RSC is based on 144 
sentences randomly selected and modified from the Russian National Corpus that represent 
various types of grammatical structures typical of the Russian language. Each sentence contains 
a target word orthogonally manipulated in a 3 x 3 x 2 design: the part of speech (adjectives, 
nouns, verbs), length (short, medium and long), and frequency (either high:> 50 ipm, or low: <10 





language-specific differences (see in Laurinavichyute et al., 2019 for discussion), in general the 
eye-movement benchmarks in reading in Russian presented in Table 2.4 (the first column) were 
consistent with findings for other alphabetic languages and showed the universal lexical effects 
of length, frequency, and predictability (see Table 2 in Laurinavichyute et al., 2019).  
Korneev and colleagues (2017) developed the child version of the RSC for 37 
monolingual Russian children (17 girls; MAge = 8.6). The children were second graders in a 
Moscow public school, and after one full year of formal literacy instruction, were the youngest 
group that was able to read in whole words with the average speed of 70 words per minute and 
comprehend the reading material making them the first age group appropriate for the comparison 
to adult HSs. The children of this age also represent a particularly interesting group for the 
comparison with our HS participants with respect to one of the hypotheses in HL acquisition, the 
divergent attainment hypothesis (Benmamoun et al., 2013; Montrul, 2008, Scontras et al., 2015). 
It suggests that HL developmental delays, which result from the abrupt switch to the majority 
language in childhood (typically between the ages of 5 to 9) and inevitably reduced HL 
exposure, continue into adulthood. Consequently, HSs’ language skills including literacy cease 
to develop beyond the switch point and often resemble those of young monolingual children.  
 While it was not possible to use the exact same 144 sentences from the RSC, 30 new 
similar sentences were constructed around the same 30 target nouns from the RSC that were 
deemed appropriate for 8-year-old children. The child corpus followed 3 x 2 design, in which 
authors manipulated the length and frequency of the target nouns. Table 2.4 (third column) 
reveals that, as expected, Russian children produced multiple fixations per word with longer 
mean durations in early and late measures, skipped fewer words, and made more regressive 





regression rates as well as the effects of word length, word frequency, and their interaction were 
comparable to what was found for children learning to read in Roman-based alphabets (for 
review, see Blythe & Joseph, 2011). The effects of length and frequency of the parafoveal words 
were not investigated.  
2.1.6 The present study: Bilingual Russian Sentence Corpus (BiRSC) 
Following the design and analysis in Laurinavichyute et al. (2019), the current study 
investigates literacy skills of young adult HSs of Russian. First, we establish eye-movement 
benchmarks in corpus, i.e., reading of the isolated sentences for two proficiency levels (high vs. 
low). In lieu of the absence of the standardized HL proficiency test which would take into 
account heritage advantage in some of the linguistic domains (phonology and semantics; oral 
production and comprehension) and potential disadvantage in others (syntax and morphology; 
written production and comprehension), we operationally defined proficiency in HL reading as a 
set of scores in reading speed, quality of reading, and comprehension based on their performance 
on two reading assessment tests used for monolingual Russian second-graders (Fotekova & 
Akhutina, 2002). These scores allowed us to classify HSs participants into high-proficiency and 
low-proficiency readers (see Method section for details).  
 Second, we compare HS eye-movement benchmarks to the baseline (i.e., monolingual 
adults from RSC), and then two comparison groups (i.e., monolingual children from the child 
RSC and L2 learners tested in the present study). Based on the available research in L2 and HL 
reading as well as predictions of the weaker links account, we expect eye movements of both 
groups of HSs to be different from skilled monolingual adults as both groups have reduced HL 
input, although to a different extent. Nevertheless, we predict that if high-proficiency HSs 





skip more words, have shorter fixation durations and regress less) than low-proficiency readers 
or monolingual children and be closer to monolingual adults in their eye-movement 
characteristics. Accordingly, we expect low-proficiency HSs to perform on par with L2 learners, 
providing support for the weaker links account, and with children, confirming predictions of the 
divergent attainment hypothesis in HL (Benmamoun et al., 2013; Montrul, 2008).  
Finally, in line with the previous findings, we expect to confirm universal lexical effects 
of length and frequency on the eye movements in reading in HL. However, we hypothesize that 
low-proficiency HSs would show reduced sensitivity to the length and frequency of the 
parafoveal words focusing more on the currently fixated word (for review of foveal-on 
parafoveal processing see Drieghe, 2011; for findings in bilingual parafoveal processing, see 
Whitford & Titone, 2015; 2016). 
2.2. Method 
2.2.1 Participants 
Fifty adult English-Russian HSs (23 women, MAge = 18.4, range 13–29, MAgeofArrival = 3.5) 
and 27 L2 learners (17 women, MAge = 21.2, range 16–43) participated in the study. We recruited 
participants from two sites, a large urban university and a specialized public high school, both in 
New York City. The study was approved by the university’s Institutional Review Board (IRB) 
and the New York City Department of Education IRB. Before the start of the study, all 
participants (over 18 years) or parents/guardians of the participants (under 18 years) signed the 
informed consent form (minor participants also provided their assent) and filled out the language 
background questionnaire, administered in English. Bilinguals were matched on the dominant 






Table 2. 2. Participant characteristics and average scores for performance on 4 reading 











N 21 27 27 
Age (y.o) 17.52 (3.4) 19.07 (3.68) 21.04 (6.99) 
Gender (women:men) 13:8 22:5 17:10 
Age of Arrival to USA (years) 5.10 (5.42) 2.33 (4.26) 0.15 (0.77) 
Age of Reading start in Russian (years) 4.52 (2.11) 10.26 (5.75) 17.67 (5.84) 
Daily Russian language exposure (%) 35.10 (17.31) 22.37 (17.21) 6.81 (5.8) 
Daily reading exposure to Russian (min) 30–60 0–30 0–30 
Self-reported proficiency measures in Russian (scale 1–5, with 5 the highest) 
Comprehension 4.28 (.783) 3.44 (.892) 2.44 (.801) 
Speaking 4.24 (.625) 3.41 (.971) 2.59 (.844) 
Reading 4.00 (.837) 2.93 (.616) 2.63 (.926) 
Writing 3.86 (.91) 2.56 (1.01) 2.74 (.944) 
Reading objective assessments (scores)    
Word ID-Rus 44.67 (1.53) 38.33 (6.2) 35.11 (10.3) 
Word ID-Eng 38.95 (4.0) 41.03 (3.69) 41.96 (3.24) 
ORF-Rus 19.52 (4.68) 9.3 (5.11) 8.33 (2.8) 





2.2.2. Establishing proficiency in Russian HL reading 
We wanted to include every HS participant in the study and establish his or her 
proficiency in Russian using our reading tests as proxy because we lack the standardized 
assessment. However, recall that many HSs cannot read in Russian at all. To deal with this 
problem, we included 48 out of total 50 Russian HSs as they minimally matched reading skills of 
the youngest monolingual group of Russian 8-year-old second graders (Korneev et al., 2017) on 
the average reading speed (words per minute), quality of reading (syllables vs. words), and text 
comprehension. To do so, we used two simple reading assessments to approximate their 
proficiency in Russian HL reading. They were (1) Russian Word Identification (Word ID-Rus) 
task and (2) Russian Oral Reading Fluency (ORF-Rus) task.  
Russian Word Identification (Word ID-Rus) task. This task was used to screen 
participants’ ability to read the Cyrillic letters because many Russian HSs either cannot read at 
all or forgot how to read. We adapted the Word Identification task from Fotekova and 
Akhutina’s neuropsychological assessment for elementary school Russian-speaking children 
(Fotekova & Akhutina, 2002). Participants were asked to read out loud 24 single words in 
Russian (the complete list of words can be found in Fotekova & Akhutina, 2002, p. 21 ). The 
words tested the reader’s mastery of the pronunciation of all phonemes as well as of the major 
phonetic processes in Russian, such as palatalization (SHMEl’ /ʃmʲˈel’/ ‘bee’), word-final 
devoicing (FLAG /flak/ ‘flag’), syllabic stress shift (SAPOGÍ́́́PL - SAPÓGSG ‘boots-boot’), and 
vowel reduction (SOBÁKA /sabáka/ ‘dog’). The reading fluency was assessed based on three 
criteria with a maximum of 15 points for each (45 in total): reading speed (words per minute), 
method of reading (whole words/syllables/sounds), and number of errors (pronunciation). Oral 





scored fewer than 15 points in total were classified as not eligible and did not proceed any 
further in the study.  
 
Russian Oral Reading Fluency (ORF-Rus) task. The remaining 48 participants were 
asked to read out aloud a short text in Russian Kak ja lovil rakov “How I was Catching Crayfish” 
(202 words; Fotekova & Akhutina, 2002, p. 21). The text utilizes various grammatical 
constructions (e.g., relative clauses, passives, null object, subject drop, zero copula, impersonal 
verbs, double negative), tenses (including historic present), different word orders (SVO, VSO, 
and OVS) embedded into declarative and exclamatory sentences that contained lexical items of 
different frequencies, illustrated in Example (4). 
 
(4) Voda   chistaja,   no rakov   ja  ne videl  nigde. 
WaterNOM-FEM  cleanNOM-FEM  but crayfishGEN-PL we  not sawPAST  nowhere.  
‘The water was clean, but we didn’t see crayfish anywhere.’ 
 
The maximum score for the task was 45 points. We used three criteria for reading 
fluency: reading speed (words per minute), comprehension score (3 comprehension questions), 
and number of reading errors (stress, pronunciation, omissions, repetitions). As a result, HSs 
(and L2) participants were classified into two subgroups, high- and low-proficiency readers. 
High-proficiency HSs (n = 21, 13 women, MAge = 17.5, range 13–24; MAoA = 5.1) scored ≥ 30 pts 
whereas the remaining 27 HSs were low-proficiency (22 women, MAge = 19, range 15–29, MAoA 
= 2.3), scoring < 30 pts. All 27 L2 participants were classified as low-proficiency readers.  





Having classified HSs according to their proficiency in reading with the help of Word ID-
Rus and ORF-Rus tasks, we also administered two parallel tasks in English, namely, English 
Word Identification (Word ID-Eng) and English Oral Reading Fluency (ORF-Eng), to rule out 
general reading difficulties in their dominant (English) language.  
 
English Word Identification (Word ID-Eng) Subtest of the Woodcock Reading Mastery 
Tests (WRMT 3rd edition, Woodcock, 2011). Word ID-Eng is a part of the standardized 
assessment of reading in English. It serves as a test of a decoding skill and requires participants 
to read out loud English words in the set of 5–6 items of increasing difficulty (e.g., plausible, 
abdominal in the initial set and ennui, dossier in the final set). The task included 17 trials, with a 
maximum score of 46 points (scoring starts with the baseline of 30 pts). Testing is discontinued 
after three consecutive errors in pronunciation. All 48 HS participants passed the baseline 
revealing developed decoding skill in the dominant language.  
 
English Oral Reading Fluency (ORF-Eng) Subtest of the Woodcock Reading Mastery 
Tests (WRMT 3rd edition, Woodcock, 2011). ORF-Eng measures the participant’s ability to 
fluently read connected text. The task is to read out loud sentences that gradually increase in 
difficulty (e.g., the last sentence was: Since then, it has been easier with the introduction with the 
box camera and flexible film, and most recently, the “point-and-shoot” process that requires no 
specialized knowledge at all.) Performance was scored for both accuracy and fluency of 
expression. The experimenter noted errors and omissions, including mispronunciations, word 
substitutions, hesitations, repetitions, and transpositions. The final score was calculated based on 





passage, and number of errors. Table 2.2 provides the oral fluency scores both in Russian and 
English. 
 
Bilingual Russian Sentence Corpus (BiRSC): Reading experiment. The design and 
materials for the present study follow the design and materials from RSC (Laurinavichyute et al., 
2019) and its child version (Korneev et al., 2017). Low-proficiency HSs and L2 learners read the 
30 sentences from the child version of RSC whereas high-proficiency HSs read one-half of the 
144 sentences from RSC (version A the first 72 sentences, version B the second 72 sentences), in 
order to accommodate time constraints of the study. We refer to A and B versions of RSC as the 
advanced BiRSC and to its child version as the beginner BiRSC. Table 2.3 presents the 
descriptive characteristics of all corpus words and sentences from the beginner and the advanced 
BiRSC. The sentences and the script used for the analyses reported below are available at the 






Table 2.3. Descriptive characteristics of the beginner and advanced versions of BiRSC. 
 Beginner Advanced 
  Version a Version b 
# of sentences 30 72 72 
# of wordsa  227 533 541 
Sentence length M = 8, range: 6–9 M = 9, range: 5–13 
Word length (letters) M = 5.6 Mdn = 6, range: 1–13 M = 5.7, Mdn = 6, range: 1–16 
Word frequency (ipm) (# of words)   
Class 1 (1–10) 81 161 181 
Class 2 (11–100) 69 150 132 
Class 3 (101–1,000) 30 89 83 
Class 4 (1,001–10,000) 24 72 76 
Class 5 (10,001–max) 23 61 69 
a First and last words in each sentence were not analyzed. 
 
All words in the BiRSC were annotated for length and frequency. Frequency information 
was taken from Lyashevskaya and Sharov (2009). Examples (5) and (6) illustrate representative 
sentences from advanced and beginner versions, respectively. (The morphological markers are 
omitted for ease of exposition). To make sure that the participants read for content, all sentences 
in BiRSC were followed by a multiple-choice comprehension question. High-proficiency readers 
had three alternatives per question (5) and low-proficiency readers had two (6). 
 
(5)  Na bolotakh ostavalsya   eshchyo lyod, no na beregakh reki  poyavilas' trava  





Question:  Chto ostavalos’ na bolotakh? ‘What remained on the marshes?’ 
Multiple-choice:  a) trava ‘grass’  b) lyod ‘ice’  c) tsvety ‘flowers’  
 (6)  Doroga vela v glukhoj les, petlyaya po sklonam. 
  ‘The road led to the thick forest turning around the slopes.’ 
Question:  Kuda vela doroga? ‘Where did the road lead?’ 
Multiple-choice:  a) v gorod ‘to city’  b) v les ‘to forest’  
2.2.4 Procedure 
All sentences were presented in Ubuntu Mono Normal black font, size 22 pt, on a light 
grey background on the BenQ XL2411Z 144Hz monitor (resolution: 1920 x 1080 pix) controlled 
by a ThinkStation computer. Presentation was programmed in Experiment Builder (SR Research 
Ltd.). The eye movements were recorded by the Eyelink 1000+ desktop mount eye-tracker using 
a chin rest. Participants were seated 55 cm from the camera and 92 cm from the monitor. One 
letter subtended 0.34° visual angle. Only the right eye was tracked, at 1000 Hz rate.  
The experiment began with a 9-point calibration which was repeated after every 15 
sentences. Each trial started with the fixation point at the position of the first letter in the 
sentence presented for 500 ms. If the fixation detection was successful, the experiment 
automatically proceeded to the presentation of the sentences; otherwise, calibration was repeated. 
The experiment started with three practice trials. To indicate that they finished reading the 
sentence, participants fixated the red dot at the lower right-hand corner of the screen; when the 
fixation was detected by the eye-tracker, the trial proceeded to the comprehension question 
which the participants answered by clicking on one alternative with a mouse. After 1-s delay, the 
program proceeded to the next sentence and comprehension question trial. The experimental 





2.3.  Results 
2.3.1 Descriptive statistics: Reading assessment tasks 1–4 
Table 2.2 (last 4 rows) presents means and standard deviations for reading assessments in 
Russian and English. The performance in the ORF-Rus was scored based on 1) the pre-defined 
criteria established by Fotekova and Akhutina (2002), and 2) the Woodcock Reading Mastery 
Tests formula; the two set of scores were highly correlated, r = .80, p < .001. We used the latter 
score in the statistical analyses to ensure the comparability with the score of the ORF-Eng.  
The significantly higher scores on both Russian tasks for 21 HSs (Word ID-Rus [t (30)= 
5.11, p = .012]; ORF-Rus [t (46) = 7.12, p < .001 ]) as compared to 27 remaining HSs and all L2 
learners (Word ID-Rus [t (27) = 4.72, p < .001]; ORF-Rus [t (30) = 9.68, p < .001] supported the 
predefined classification of participants as high-proficiency and the latter as low-proficiency 
readers. In ORF-Eng, there was no difference among the three groups in the performance, (ts < 
1). In Word ID-Eng, high- and low-proficiency HSs did not differ (t (46) = -1.90, p = .204), but 
L2 readers obtained significantly higher scores than high-proficiency HSs (t (46) = -2.88, p 
= .018), suggesting that L2 learners are faster with grapheme-to-phoneme decoding process in 
English than high-proficiency HSs. Low-proficiency HSs and L2 readers did not differ on any of 
the four tasks. (See Table A1 for exact t-values and p-values for all measures).  
Performance on the ORF-Rus task was also correlated with the self-reported amount of 
Russian language exposure per day (r = .54, p = <.001), age of arrival to the USA (r = .52, p = 
<.001), age of reading start in Russian (r = -.51, p = <.001), and self-reported comprehension 
ability in Russian (r = .58, p < .001). To make sure that variability in the age range for HSs does 
not affect the results, we conducted independent t-tests for reading assessments and other 





28) and young adults 18 or older (n = 47). The only differences (t (73) = 2.08, p = .041) was in 
self-reported age of reading start in Russian (Madolescent = 9.1, SD = 4.7 vs. Madult = 12.6, SD = 
8.2) and objective measurement for oral reading fluency in English (t (73) = -2.77, p = .007) 
where adolescents scored higher than adults (Madolescent = 31.1, SD = 6.4 vs. Madult = 27.1, SD = 
5.8). 
2.3.2 Descriptive statistics: Eye-movement benchmarks in reading in HL  
Table 2.4 presents means and standard deviations for nine dependent measures from 
Table 2.1 for the two groups of high-proficiency (second column) and low-proficiency HSs 
(fourth column) and compares them to those of the monolingual Russian adults (n = 96, 
Laurinavichyute et al., 2019), 8-year-old children (n = 37, Korneev et al., 2017), and L2 learners 
(n = 27, this study). Additionally, we included the mean number of fixations per word (x) and the 
saccade landing position (xi). Sentences with incorrect comprehension question responses were 
excluded from the analysis (low-proficiency HSs Maccuracy = 81%; high-proficiency HSs Maccuracy 
= 92.7%; L2 learners Maccuracy = 85.1%; children Maccuracy = 98%; monolingual adults Maccuracy = 
99%). Descriptive statistics were calculated for all words in the corpora, between-group 
differences were calculated using series of independent t-tests with Bonferroni correction for 






Table 2.4. Comparison of basic parameters of eye movements ((i) time duration measures, (ii) 
probabilities of skipping or fixating the word, (iii) probability of regressions), saccade landing 















i (ms) FF 217 (23) 302 (100) 380 (112) 391 (156) 301 (86) 
SF 228 (26) 305 (73) 358 (78) 345 (164) 312 (71) 
GD 259 (42) 484 (159)* 676 (273) 944 (307)* 736 (261) 
TT 318 (79) 702 (221)* 976 (370) 1554(439)* 1343 (511) 
ii (%) P0 34 (10) 20 (5) 20 (13) 10 (5)* 11 (6) 
P1 56 (7) 46 (8) 43 (9) 37 (8)* 50 (10) 
P2+ 9 (6) 34 (10) 35 (11) 52 (7)* 39 (12) 
iii (%) RO 17 (7) 23 (9) 25 (7) 24 (12) 36 (15) 
RG 13 (8) 22 (9)* 14 (6) 22 (12)* 25 (13) 
Landing (%) 44 (6) 38 (6) 36 (4) 35 (5) 36 (6) 
# Fixations  1.01 (.28) 2.14 (.49) 2.18 (.65) 4.16 (1.2)* 3.71 (1.4) 
† All the differences (RO difference is marginal) are significant between HSs and monolingual 
adults. * Significant differences between HSs and monolingual children. Significant differences 
between HSs and L2learners  are in bold. 
 
High-proficiency HSs. On the one hand, as Table 2.4 reveals, high-proficiency HSs’ eye 
movements were significantly different from eye movements of monolingual adults as assessed 





strikingly similar to monolingual children in all measures except gaze duration (GD), total 
reading time (TT) and the probability of regression from the fixated word (RO) (Table 2.5). 
When compared to two low-proficiency groups, low-proficiency HSs and L2, high-
proficiency HSs were significantly faster in GD and TT measures, skipped more words, re-
fixated the words less and, with respect to L2 learners, high-proficiency HSs produced lower 


















Table 2.5. Conceptual comparison of high-proficiency HSs and low-proficiency HSs to other 
groups (to match the statistical analysis in Table 2.4.) All the differences (RO difference is 
marginal) are significant between HSs and monolingual adults. Empty cells designate no 
difference between groups. 
 













i (ms) FF – – –  – – 
SF – – –  – – 
GD Shorter Shorter Shorter  Longer – 
TT Shorter Shorter Shorter  Longer – 
ii (%) P0 – Higher Higher  Lower – 
P1 – Higher –  Lower Lower 
P2+ – Lower –  Higher Higher 
iii (%) RO Higher – Lower  - Lower 
RG – – –  – – 
Landing (%) – – –  – – 
# Fixations – Less Less  More – 
 
Low-proficiency HSs. All low-proficiency HSs’ eye-movement characteristics were 
significantly different from those of monolingual adults (RO is marginal). Low-proficiency HSs 
matched children in first fixation duration (FFD) and single fixation duration (SFD) measures 
(Figure 2.1A), as well as the probability of regression from the fixated word (RO; Figure 2.1B) 
and saccade landing position. However, they fixated more than half of the words at least twice, 





proficiency HSs did not differ from L2 learners in any of the measures except fixation 
probability and regression originating from the fixated word (Table A2). 
 
 
Figure 2.1. Means for (A) time durations measures and (B) probabilities of skipping (P0), 
fixating (P1, P2+) and making regressions (RO, RG) by each group of speakers. 
 
Next, we compared the differences in frequency effects (FEs) between low-proficiency and high-
proficiency HSs because of the sensitivity to the amount of language exposure in L2 reading 
(Whitford & Titone, 2012). Words were divided into high frequency (HF) and low frequency 
(LF) using a median split in log-transformed frequency for high-proficiency HSs (HF: n = 521, ≥ 
1.49; LF: n = 523, < 1.49) and the low-proficiency HS group (n = 95, ≥ 1.89; LF: n = 96, < 1.89). 
The median split in advanced BiRSC roughly corresponded to the commonly used thresholds for 
low (medium)- and high-frequency words (low-frequency range: 1-32 instances per million; 
high-frequency range: 32-38107 ipm). In the beginner BiRSC, however, the lower frequency 





which the sentences were constructed for reading by children (low-frequency range: 1–75 
instances per million; high-frequency range: 82–38107 ipm). 
Table 2.6 shows that there are only a few differences in the magnitude of the FEs 
between the two groups. Low-proficiency HSs showed significantly larger FEs in GD, TT, and 
the probability of making one fixation (P1). The difference between FEs in skipping probability 
was also significant, but the pattern was reversed: High-proficiency HSs skipped frequent words 
more often than low-proficiency HSs. Note that frequency was used as a continuous variable for 





Table 2.6. Means and standard deviations for all eye movement measures across word log 
frequencies. Frequency effects (FEs; i.e., differences between LF and HF words) and 
corresponding p-values are presented in italics. First four measures (FFD, SFD, GD, TT) are in 
ms, the rest are percentages. 
 High-proficiency HSs Low-proficiency HSs t (df) p 
 HF LF FE HF LF FE   
FF 266 (73) 316 (112) 50 333 (101) 426 (195) 93 1.55 (45) .128 
SF 284 (64) 332 (90) 48 310 (99) 407 (267) 97 2.72 (26) .011 
GD 349 (91) 593 (221) 244 596 (207) 1271 (409) 675 14.33 (26) <.001 
TT 474 (123) 887 (311) 413 964 (311) 2111 (614) 1147 8.90 (42.2) <.001 
P0 33 (8) 6 (0) -27 13 (5) 6 (6) -07 10.82 (28.7) <.001 
P1 49 (7) 43 (13) -06 49 (9) 24 (7) -25 -5.68 (27.2) <.001 
P2+ 17 (6) 50 (13) 33 38 (8) 67 (8) 29 -1.17 (45) .246 
RO 20 (10) 26 (9) 06 20 (12) 28 (13) 08 1.40 (45) .167 
RG 21 (8) 23 (10) 02 19 (10) 24 (14) 05 1.68 (45) .100 
 
 
2.3.3 Modeling: Relationships between frequency, length, reading assessments and eye 
movements in BiRSC 
We ran (generalized) linear mixed models that included previous, current and next 
words’ length and frequency as well as length of incoming saccade to the current word, relative 
position of the word in the sentence, and saccade landing position on the current word as fixed 





the same set of predictors. Random factors were random intercepts for participants, sentences, 
and words. No random slopes were added to the final models as such addition resulted in over-
parametrization. We also removed random intercepts for sentences in models that resulted in 
singular fits (the variances across sentences were estimated as zero). Significant effects are 
adjusted for multiple comparisons using Bonferroni correction at α-level of .005. 
To establish the relationship between fixation duration measures in BiRSC and 
performance for the four reading assessments, we also run a separate set of models that include 
scores from the reading assessments along with baseline predictors (see details for the models in 
Tables A9–A11). Random structure remained the same as in previous set of models. Significant 
effects are adjusted for multiple comparisons using Bonferroni correction at α-level of .012. 
For all analyses, the first and last words of every sentence were excluded and only 
sentences with correct answers to the comprehension questions were analyzed. Fixations and 
saccades were extracted from eye-movement data following the algorithm from the Data Viewer 
package (SR Research Ltd). No cut-off limits were applied to fixations because fixations shorter 
than 100 ms constituted only 1.9% of all data (the maximum fixation duration was 3779 ms for 
low-proficiency HS that was elicited by low-frequency word of .85 ipm). The predictor of word 
length was centered and scaled; the frequency was log-transformed (to base 10). Eye-movement 
duration measures (FFD, SFD, GD, and TT) were log-transformed to ensure normal distribution 
of models’ residuals. To exclude the possibility of multicollinearity of model predictors, we 
ensured that the variance inflation factor (VIF) was less than 3 for all predictors.  
For binary outcome variables (fixation, skipping and regression probability), we used 
mixed-effects linear logistic regression. Both linear mixed-effects and generalized linear mixed-





The comparison tables (A3–A11) for (G)LMM outcomes were created with the sjPlot package 
(Lüdecke, 2017). 
High-proficiency HSs. Confirming canonical effects in reading, the lexical factors of 
word length and frequency reliably affected all measures of interest (see Tables A3–A5). High-
proficiency HSs fixated longer words for longer time and frequent words for shorter time, and 
they regressed to longer words more often and rarely skipped them (see Figure 2.2).  
 
Figure 2.2. High-proficiency HSs. All corpus words: Means for four time durations measures as 
a function of word length (A) and logarithmic word frequency (С); probabilities of skipping or 
fixating the word as a function of word length (B) and frequency (D). 
 
 The effect of the previous (n-1) and upcoming words (n+1). When the upcoming word 





frequency of the upcoming word decreased total time (TT) spent reading the current word. In 
regards to the preceding word, longer preceding words led to decreased total reading times (TT) 
on the current word. When the preceding word had low frequency, high-proficiency HSs fixated 
the current word (TT) longer. In addition, the regression probability decreases when preceding 
word length and frequency increase (see Tables A3–A5). As effects appeared mostly in total 
reading time or regression rate measures, we cannot draw any decisive conclusions concerning 
parafoveal processing, as the word in parafovea could have been fixated before these effects 
occurred.  
 
Reading assessments. Higher scores in the ORF-Rus were associated with faster reading 
times for all fixation duration measures (FFD, SFD, GD, and TT). Reading assessments in 
English did not predict any time duration measures (see Table A9). 
 
Low-proficiency HSs. Low-proficiency HSs were also sensitive to word length and 
frequency (see Tables A5–A6) except that the first (FFD) and single fixation duration (SFD) as 
well as regression rates were not affected by the word length (same finding for SFD for Russian 
monolingual adults and children). All measures of interest were affected by word frequency (see 
Figure 2.3). We did not analyze factors affecting skipping probability as it was very low in 






Figure 2.3. Low-proficiency HSs. All corpus words: Means for four time durations measures as 
a function of word length (A) and logarithmic word frequency (С); probabilities of skipping or 
fixating the word as a function of word length (B) and frequency (D). 
 
 The effect of the previous (n-1) and upcoming words (n+1). Only the regression 
probability (RG) was affected by the upcoming word frequency wherein more frequent words 
led to a decreased chance of regression. Longer upcoming words led to reduced first fixation 
duration (FFD). With respect to the preceding word, longer preceding words led to longer 
reading times in single fixation duration (SFD). Longer and more frequent preceding words were 
also associated with lower probability of regressing to previous words (RO) (see Tables A5–A6). 





information parafoveally (e.g., length of the parafoveal word), but most of the effects appeared in 
the late eye-tracking measures (i.e., regression rates). 
 
Reading assessments. None of the reading assessments in Russian or English predicted 
any of the time duration measures (see Table A10).  
L2 learners. L2 learners were sensitive to word frequency in all duration measures except 
first fixation duration (FFD). Longer words led to increased gaze duration (GD), total reading 







Figure 2.4. L2 learners. All corpus words: Means for four time durations measures as a function 
of word length (A) and logarithmic word frequency (С); probabilities of skipping or fixating the 
word as a function of word length (B) and frequency (D). 
 
The effect of the previous (n-1) and upcoming words (n+1). None of the measures were 
affected by upcoming or preceding word length or frequency with exception of regression 
probability (RG), wherein upcoming longer words led to decreased regression rates (see Tables 
A7–A8).  
Reading assessments. None of the reading assessments in Russian or English predicted 
any of the time duration measures (see Table A11).  
2.4. Discussion 
In this eye-tracking study, we presented the Bilingual Russian Sentence Corpus (BiRSC) 
available at the OSF (https://osf.io/tcrba/) that characterizes literacy skills by adult and 
adolescent HSs of non-Roman-based HL, i.e., Russian. BiRSC contains basic eye-movement 
characteristics in HL reading as a factor of the HL proficiency level. Then we compared the HSs’ 
eye-movement benchmarks to those of skilled monolingual Russian readers (baseline), children 
learning to read, and L2 learners. In what follows, we separately discuss the HSs’ eye-movement 
benchmarks and the effects of the lexical characteristics of the words, i.e., length and frequency.  
2.4.1 Proficiency and eye-movement benchmarks in reading in HL 
High-proficiency HSs were classified as such in our study as those who had high scores 
on reading assessment tests; these scores were also positively correlated with the self-reported 





and age of arrival to the USA. Somewhat surprisingly, our high-proficiency HSs were 
quantitatively different from the skilled monolingual readers in all of the eye-movement 
measures. If anything, high-proficiency HSs more resembled monolingual children in early 
duration fixations (except gaze duration), probability of skipping, mean number of fixations, 
regression rate (probability of making a regression from fixated word), and the saccade landing 
position. Thus, basic eye-movement benchmarks of high-proficiency HSs characterize them as 
bilingual readers with child-like eye-movement patterns in reading isolates sentences.  
Proficiency, however, turned out to have a weak effect on HL reading. It affected only 
some eye-movement benchmarks, namely, high-proficiency HSs read faster (gaze duration and 
total reading time), skipped more words, and had fewer fixations than the low-proficiency HSs. 
However, there were no differences between the two groups in many other measures, i.e., in the 
earliest (first fixation duration, single fixation duration, saccade landing position) and some of 
the late eye-movement measures (both saccade rates). We conclude that even proficient HSs 
experience difficulties in HL during both lexical (early) and post-lexical (late) processing.  
One possible limitation of our study is that skilled monolingual adults and high-
proficiency HSs read one, more difficult, set of the sentences whereas children, low-proficiency 
HSs, and L2 learners read another, simpler set of sentences. It was our intention to have the high-
proficiency HSs face more complex sentences so that we can compare their eye-movement 
characteristics to those of adult native speakers and estimate the extent of the gap in reading 
abilities between these two groups during natural uninterrupted comprehension. The sentences 
that low-proficiency HSs and L2 learners read were deliberately simplified and were identical to 
the materials read by the children to allow the direct comparison between children and bilingual 





results of the L2 learners and low-proficiency HSs’ eye-movement characteristics, therefore, 
represent a liberal overestimation of their potential performance on the advanced version of 
BiRSC. The key differences that we found comparing low- to high-proficiency group would also 
hold for more difficult reading materials but with greater dissimilarities between the proficiency 
levels. As for similarities (in first and single fixation durations, regression rates and saccade 
landing position), we speculate that while high-proficiency HSs would be likely to outperform 
low-proficiency readers, we are now confident that they still do not reach the reading fluency of 
monolingual adult counterparts. Therefore, we can speak of a continuum of literacy skills in 
high-proficiency HSs that range between “L2 learner” and “monolingual baseline” stages.  
So why is it that the reading abilities in even high-proficiency HSs in our study differ so 
much from skilled monolingual readers while resembling monolingual children learning to read 
more than any other group? We suggest that these differences follow from two theories, one of 
bilingualism and another of HL. First, as expected, our results support the weaker links account 
(Gollan et al., 2008) of lexical access delays in bilinguals. Second, the similarities between HSs 
and monolingual children are consistent with the divergent attainment hypothesis in HL theory 
(Benmamoun et al., 2013; Montrul, 2008; Polinsky, 2006; Polinsky & Kagan, 2007; Scontras et 
al., 2015). When HSs switch to the dominant language in childhood, their competence in HL 
often slows down or even stops to develop beyond this point. Reduced input in HL and varying 
exposure to literacy that are difficult to control leave many HSs at the 'child' state of language 
development even as they reach adulthood.  
Turning now to the low-proficiency HSs, we found that they were on par with the L2 
learners in the majority of the eye-tracking measures but less so with the children. They lagged 





duration, total reading times, fixation counts, and skipping probability (Blythe et al., 2009; 
Blythe & Joseph, 2011). Thus, despite some overlap in early fixation duration measures, the low-
proficiency HSs group resembles more ‘typical’ unbalanced L2 learners.  
 Finally, we would like to point out one important finding that concerns the saccade 
landing position. Bilingual readers differed from the skilled adult readers in where they first 
landed the gaze in the word: Their saccade landing position was shifted significantly towards the 
beginning of the word (i.e., 44% for monolingual adults vs. 36% and 38% for L2 learners and 
HSs, respectively) compared to the expected word-centered OVP (O’Reagan & Jacobs, 1992). In 
that sense, they were similar to the children (36% into the word). This is a pattern reported for 
less proficient readers, readers with dyslexia or children who read texts too difficult for their age 
(e.g., Barnes & Kim, 2016; Hawelka et al., 2010; Kuperman & Van Dyke, 2011). The shift to the 
beginning of the word signals difficulties in grapheme-phoneme conversion, the process that is 
automatized in skilled readers. Struggling readers process words in a sequential manner, starting 
with the beginning and slowly progressing along the word, which leads to multiple refixations. 
For HSs reading in HL Russian, this grapheme-phoneme conversion could be exacerbated by 
differences between Cyrillic and Roman scripts, in which only 16 letters out of 33 are shared. 
We hypothesize that grapheme-phoneme conversion of the weaker HL is inhibited by the 
dominant language (i.e., English). 
2.4.2  Lexical effects on the eye movements in HL  
Our study has confirmed the universal effect of lexical characteristics of the words on eye 
movements, such as length and frequency (e.g., Inhoff & Rayner, 1986; Staub et al., 2010) for 





frequency (in all measures) and length (in all measures in high-proficiency HSs, some measures 
in low-proficiency HSs) of the currently fixated words. 
 One exception is the lack of length effect on first fixation duration and single fixation 
duration in low-proficiency HSs, but it also lacked for single fixation duration in the 
monolingual adult (Laurinavichyute et al., 2019) and child data (Korneev et al., 2017). 
Laurinavichyute and colleagues attribute this finding to specific reading strategy in Russian, 
namely, that single fixation duration only serves as a quick check for the predictions made for 
the word before it was fixated, and therefore, the fixation does not trigger the start of lexical 
processing and does not depend on the length of the current word. However, we doubt that the 
same explanation can apply for the low-proficiency HSs considering their low skipping 
probability and a high number of fixations per word. The exact same pattern was found in L2 
learners. The reduced lexical access for low-proficiency readers might be a more appropriate 
explanation that led to the chain reaction in the form of low skipping rates and high regression 
probabilities resulting in multiple and longer fixations (including first fixation) on most words 
regardless of their length. 
The length and frequency of parafoveally presented words had very limited effects on the 
eye-movement measures in HSs and L2 learners in our study. With a few exceptions, we found 
that the characteristics of parafoveally presented words had a significant impact only on the late 
eye-movement measures. Specifically, longer and more frequent words in the parafovea 
decreased the total reading times in high-proficiency HSs and reduced regression rates on the 
currently fixated word in all bilingual groups. However, these findings do not allow us to make 
strong conclusions concerning parafoveal processing in HSs as the effects occurred mostly 





passes). This pattern of results suggests that while HSs and L2 learners show some sensitivity to 
the lexical characteristics of parafoveal words, parafoveal processing has little impact on the 
initial stages of lexical access of the currently fixated word.  
Finally, the frequency effects for HL reading were partially confirmed in our data. 
According to the weaker links account (Gollan et al., 2008), the connection between word forms 
and their mental representation is weakened due to the reduced exposure to the bilinguals’ 
languages. Accordingly, HSs showed larger frequency effects in their weaker language relative 
to monolinguals or relative to reading in their dominant language (Gollan et al., 2011; Whitford 
& Titone, 2012; cf. Cop et al., 2015; Duyck et al.; 2008). The weaker links account also suggests 
that less proficient bilinguals should show larger frequency effects in the non-dominant language 
compared to more proficient bilinguals. Our findings are only partially consistent with this 
prediction; although the low-proficiency HSs showed numerically larger frequency effects, 
significant differences were found only for gaze duration, total reading time, and the probability 
of fixating the word only once. It is plausible, therefore, that at the earliest stages of lexical 
access (reflected in single fixation and first fixation durations, skipping probability), greater 
proficiency in HL does not lead to more efficiency although it plays some role during later stages 
of HL processing. 
In conclusion, this is the first study that has investigated and described basic eye-
movement benchmarks in reading in HL and compared them to those of monolingual skilled 
readers, 8-year-old children learning to read, and L2 learners. Our findings suggest that although 
the proficiency level in HL reading had some effect on the early and late eye-movement 
measures in reading isolated sentences, its effect was limited. Both high- and low-proficiency 





proficiency HSs were at a particular disadvantage and resembled unbalanced L2 learners more 
than any other group, suggesting that early exposure to spoken HL does not seem to facilitate 
literacy and reading fluency in HL. We hope the findings reported here will serve as the first step 
for future research on reading in the HL field. Taken into account high variability in spoken HL 
skills of HSs, an investigation of HSs’ individual differences in reading constitutes the next 







CHAPTER 3. MONOLINGUAL AND BILINGUAL READING STRATEGIES IN 
RUSSIAN: EXPLORATORY SCANPATH ANALYSIS 
 
This chapter is reproduced from an article under review in Reading Research Quarterly (for 
consistency, we have adjusted the format of the manuscript for the thesis). The full reference to 
the article: 
Parshina, O., Sekerina, I.A.,  Lopukhina, A., & von der Malsburg, T. (2020). Monolingual and 
Bilingual Reading Strategies in Russian: Exploratory Scanpath Analysis. [Manuscript 
submitted for publication]. Psychology, City University of New York. 
Abstract 
In the present study we used a scanpath approach to investigate reading strategies along with 
factors that can shape these strategies among bilingual Russian-speaking readers, monolingual 
Russian-speaking adults and 8-year-old children. We found that monolingual adults employ a 
fluent reading strategy which suggests effortless processing of the written materials: They read 
straight from left-to-right at a fast pace, skip words, and do not regress much. High-proficiency 
HSs and children share the same intermediate reading strategy which is characterized by short 
regressive saccades, longer fixations, and absence of word-skipping. L2 learners as well as low-
proficiency HSs exhibit what we call a beginner reading strategy which involves frequent re-
reading of the whole sentence and particular words, long fixations and no word skipping. We 
suggest that, unlike ‘intermediate’ readers who use the respective strategy to resolve local 
processing difficulties (e.g., word recognition failure), ‘beginner’ readers experience global-level 





difference factors that we tested, proficiency in Russian for HSs and comprehension scores for 
L2 learners were predictive of the reading strategy used in bilingual speakers. Overall, the 
scanpath analysis revealed qualitative differences in reading strategies among various groups of 
readers and thus adds to the picture furnished by conventional word-level eye-tracking measures 
which produce results of a more quantitative nature. 
3.1. Introduction 
Over the last decade, eye-tracking has become a widely used methodology in bilingual language 
processing research during reading (Cop et al., 2015; Cop et al., 2017; Kang, 2014; Parshina et 
al., 2020; Whitford & Titone, 2012). Silent reading without imposed experimental tasks provides 
an opportunity to study language processing during comprehension in real time, and therefore, 
reflects the ‘natural’ reading behavior of bilingual readers (for review, see Roberts & Siyanova-
Chanturia, 2013). The previous research provided us with a general understanding of 
conventional local quantitative differences between bilingual and monolingual reading behavior 
in the form of fixation durations and counts, skipping, and regression probabilities calculated on 
a word-by-word basis. The current study focuses on a yet unexplored perspective on bilingual 
reading: global qualitative differences in reading behavior between bilingual and monolingual 
speakers which we investigate using a scanpath approach to eye movements in reading. 
 Scanpaths are sequences of eye movements, or gaze trajectories, that extend beyond the 
word level to an entire stimulus. In contrast to conventional eye-movement measures in reading 
which answer questions like ‘how many fixations or how much skipping or regressions occur per 
word’, scanpaths inform us about eye movements beyond these word-based local measures. For 
example, scanpath analysis for regressions allows us to distinguish among qualitatively and 





saccade to the beginner of the sentence, multiple leftward saccades for ‘reverse reading’, etc.). 
Similarly, reading left-to-right or right-to-left can produce similar fixation duration measures 
even though they represent different cognitive processes.  However, scanpaths can distinguish 
between these two reading behaviors because they take the whole sequence of events into 
account. Furthermore, scanpaths differentiate among various types of word skipping instances 
(e.g., skipping followed by re-reading, skipping only in the 2nd or 3rd pass reading, absence of 
skipping) or among fixation distributions (e.g., increase fixation durations during first-pass 
reading and decrease of durations throughout subsequent re-readings). In sum, scanpath analyses 
can potentially render a more detailed picture of differences between groups of readers than 
conventional eye-tracking metrics alone. 
 If one type of scanpath occurs frequently within a group of participants (i.e., gaze 
trajectories are similar to each other) but rarely in another group, this scanpath pattern may 
represent a reading strategy, i.e., a specific reading behavior exhibited by readers in one group 
that distinguishes them from readers in another group. Therefore, we apply a scanpath approach 
in this study to compare reading strategies among monolingual (adults and children) and 
bilingual readers – Heritage Speakers (HSs) and L2 learners – in a Russian sentence reading task. 
The two main questions were 1) what reading strategies do readers use when reading simple 
sentences in Russian; and 2) how does group membership (i.e., monolingual adults, children, L2, 
and HSs) determine the reading strategies a reader employs to efficiently decode sentences.  
Our introduction starts with a brief overview of sentence processing studies that used the 
scanpath approach to determine reading strategies. Then we provide a short discussion of what is 





of Russian based on our recent investigation of conventional eye-movement measures (Parshina 
et al., 2020) and spell out hypotheses and specific research questions for the current study. 
3.1.1. Reading strategies in sentence processing as determined by scanpaths 
Since the seminal work of Yarbus (1967), which demonstrated that participants looking 
at the same picture produce different sequences of eye fixations depending on the task, scanpaths 
have been repeatedly used to test psycholinguistic theories in different language domains. For 
example, Frazier and Rayner (1982) examined scanpaths to investigate how participants resolve 
temporary structural ambiguities in sentences like (1): 
 
(1) The doctor knew the diagnosis was not correct. 
 
Frazier and Rayner proposed three hypotheses of how readers resolve it: 1) forward reanalysis: 
readers stop parsing the sentence immediately after the interpretation error occurred and re-start 
parsing from scratch; 2) backward reanalysis: readers undo the sentence interpretation in a 
backward step-wise manner until they find a branch point; and 3) selective reanalysis: readers 
correct the interpretation in a targeted fashion at the point where the temporary ambiguity is 
located. 
 These three hypotheses are reflected in different reading strategies: 1) a regressive 
saccade to the beginning of the sentence after reading was; 2) word by word reverse-gear 
reading; and 3) targeted regressive saccades specifically to the region that caused the ambiguity. 
After conducting a visual inspection of gaze trajectories, Frazier and Rayner (1982) observed 
that most participants directly regressed to the ambiguous region, thus confirming the selective 





Frazier and Rayner’s as well as other earlier scanpath studies is that their formal analysis focused 
only on fixation sequences as reflected in regression probabilities, without considering more 
complex spatio-temporal patterns in gaze trajectories.  
Von der Malsburg and Vasishth (2011, 2013) addressed this limitation by applying a 
scanpath analysis to longer scanpaths instead of single regressive saccades. Von der Malsburg 
and Vasishth (2011) started by re-examining the data in Meseguer et al. (2002) and used a 
scanpath clustering procedure that classified all regressive scanpaths into three categories. One 
such category was re-reading the whole sentence (i.e., forward reanalysis of Frazier & Rayner, 
1982) instead of producing a regressive saccade back to the ambiguous word. Therefore, for 
some of the readers, forward reanalysis was the preferred reading strategy in resolving 
ambiguities.  
In a follow-up study with Spanish-speaking participants (von der Malsburg & Vasishth 
2013), the same scanpath analysis revealed reading strategies associated with functionally 
different types of regressions: rapid saccades from the end of the sentence to the disambiguating 
word (checking), a regressive saccade from the end of the sentence to the beginning followed by 
re-reading (re-interpretation), and rapid leftward regressions from the disambiguating word to 
the ambiguous region (re-analysis). The study also measured working memory ability of the 
participants as a potential predictor of a reading strategy. Somewhat surprisingly, participants 
with high working memory capacity produced more regressive eye movements in response to 
disambiguation than low-capacity readers indicating that they had greater difficulty processing 
temporarily ambiguous sentences. The authors interpreted this in accordance with the good-
enough parsing account (Ferreira et al., 2002)—unlike high-capacity readers, low-capacity 





thus leaving the sentence interpretation initially underspecified. As a result, low-capacity readers 
did not have to reanalyze the sentence when they encountered the disambiguating word.  
More recently, von der Malsburg, Kliegl and Vasishth (2015) confirmed the sensitivity of 
the scanpath analysis to factors that are known to influence conventional eye-movement 
measures, such as word length (Clifton et al., 2007), syntactic difficulty (Boston et al., 2008; 
Boston et al., 2011; Demberg & Keller, 2008), and age (Kliegl et al., 2004; Whitford & Titone, 
2017). For this investigation, the authors used the Potsdam Sentence Corpus which contains 
simple unambiguous sentences (Kliegl et al., 2004). The dependent measure in this study was the 
scanpath regularity, or the extent to which one scanpath is (dis)similar to a bulk of scanpaths 
recorded for a sentence (e.g., has more regressions or word skipping). Collectively, the results of 
these studies suggest that scanpath analyses might also be a useful method for investigating 
global reading strategies in different populations of participants. Therefore, in the current study, 
we use it to investigate differences in reading behavior in four groups of Russian speakers—
monolingual adults and children, L2 learners, and HSs—who read simple Russian sentences 
similar to those in the Potsdam Sentence Corpus. 
3.1.2. Reading strategies in monolingual and bilingual speakers 
Bilingual HSs are quite different from typical L2 bilinguals because, despite their 
generally sound command of spoken language, they often do not read in their HL, especially in 
the case of different orthographies between the dominant (e.g., English) and HL (e.g., Russian). 
According to the divergent attainment hypothesis (Benmamoun et al., 2013; Montrul, 2008; 
Scontras et al., 2015), HSs’ literacy often resembles that of 8-year-old monolingual children (for 
review of reading in children, see Blythe & Joseph, 2011) due to their switch to the majority 





 Our recent study (Parshina et al., 2020) in which we investigated conventional eye-
tracking measures in HSs and L2 learners and compared them to those observed in monolingual 
8-year-old children (Korneev et al., 2017) and adults (Laurinavichyute et al., 2019), extended the 
divergent attainment theory to literacy acquisition in HSs. HSs produced quantitatively different 
eye-movement characteristics (i.e., longer mean fixation durations, lower probability of skipping 
the words, but higher rates of regressions and multiple fixations on the word). High-proficiency 
HSs resembled monolingual children the most, while low-proficiency HSs were at a 
disadvantage and read on par with unbalanced L2 learners, suggesting that early exposure to HL 
alone did not necessarily facilitate literacy acquisition.  
The current study seeks to extend these findings by using the scanpath approach to 
identify qualitative differences and similarities in reading strategies between the same four 
groups from Parshina et al. (2020) study (Chapter 2). While we have reanalyzed the data for low-
proficiency HSs (n=17) and all L2 learners (n=30) from our previous study, we also collected 
new data for monolingual speakers (n=30) and high-proficiency HSs (n=13) because we wanted 
all of the participants to read the same sentences (they read different sets of sentences in Parshina 
et al., 2020). In addition, we obtained new data for children (n=30) to rule out general difficulties 
in reading and other cognitive processing abilities. To achieve this, we assessed children’s 
reading ability using the Standardized Assessment of Reading Skills (SARS; Kornev, 1997) as 
well their non-verbal fluid intelligence (Raven’s Standard Progressive Matrices [Raven, 1981]) 
before the corpus-reading task. 
The present study has three goals. The first one is to identify reading strategies that are 
common among Russian readers regardless of the speaker’s group membership. Accordingly, 





strategies. Monolingual adults are expected to produce qualitatively different reading strategies 
from the other three groups of readers. For HSs, based on the previous findings, we expect that 
high-proficiency HSs will use reading strategies that are similar to children's, and that low-
proficiency HS readers will use the same strategy as low-proficiency L2 learners. Our third goal 
is specific to bilingual readers: to uncover the effects of various demographic and reading 
performance factors (e.g., age of arrival, exposure to non-dominant language, comprehension 
abilities, reading fluency in English) on the reading strategies, as such factors have been 
identified as strong predictors of reading performance in previous research (for review see Koda, 




There were 120 participants distributed among four groups: 30 monolingual adults (13 
women, MAge = 23.3, range 19–28), 30 monolingual children (11 girls, MAge = 8.5, range 8–9), 30 
HSs (14 women, MAge = 17.5, range 13–24; MAoA = 4.3 years), and 30 L2 learners (21 women, 
MAge = 21.2, range 16–43). Data for 13 HSs and all L2 learners (n=30) were reanalyzed from 
Parshina et al. (2020), while the other data were collected specifically for this study. Participants 
were recruited from three sites: an urban university in New York City (HSs and L2 learners), and 
a public school and the university in Moscow, Russia (children and monolingual adults). Before 
the start of the study, all the participants (over 18 years old) and parents of children signed the 





language background questionnaire, administered in English or Russian (see Table 3.1 for 
bilingual participant characteristics). 
Table 3.1. Demographic and performance characteristics of the two bilingual groups. 
 
3.2.2. Design and materials 
Reading assessments. Table 3.1 provides the oral fluency scores both in Russian and 
English. HSs often vary considerably in their HL reading ability due to different amounts of 
reading exposure. As noted above, it is necessary to consider the proficiency level of the 
bilingual speakers when conducting any kind of analysis as it is а highly influential factor in 
assessing reading abilities. We operationally defined proficiency in bilingual reading in Russian 
as a set of scores in the Russian Oral Reading Fluency (ORF-Rus; Fotekova & Akhutina, 2002) 
test. This test is intended for monolingual Russian second-graders and measures speed and 
quality of reading, as well as comprehension in Russian (for more details, see Parshina et al., 
2020). Next, we administered a parallel English task, English Oral Reading Fluency (ORF-Eng, 
Woodcock, 2011), to rule out general reading difficulties in the dominant language.  
 
 HSs L2 learners 
 Mean (SD) Mean (SD) 
Age of arrival to the USA (y.o) 4.3 (5.4) 0.13 (0.75) 
Daily Russian exposure (%) 25.6 (18.9) 7.9 (7.4) 
Self-estimated comprehension (1–5) 3.2 (1.1) 2.8 (.87) 
Oral Reading Fluency (Rus) 12.3 (6.0) 8.3 (2.7) 





Data for scanpath analysis. We analyzed the reading data from the child version of 
Russian Sentence Corpus (Child RSC, Korneev et al., 2017). The materials include 30 sentences 
appropriate for 8-year-old monolingual Russian-speaking children, as illustrated in (2)-(3).  
 
(2)  V  magazine Andrey  kupil moloko, smetanu, tvorog. 
        In  store           Andrey           bought milk          sour cream cottage cheese 
       ‘In the store Andrey bought milk, sour cream, cottage cheese.’ 
(3)  Nedaleko byl slozhen stog sena, ryadom stojali grabli.  
       Nearby was stacked haystack next to             stood rake  
       ‘A haystack was stacked nearby, a rake was next to it.’  
 
Sentences were presented to our participants in isolation during data collection. They represented 
diverse types of grammatical structures typical of the Russian language (canonical and non-
canonical word orders, passive and active voice constructions, sentences with null subject, 
relative clauses, etc.). All words in the text corpus were annotated for length and frequency 
(frequency data is based on Lyashevskaya & Sharov, 2009).  Table 3.2 presents the descriptive 






Table 3.2. Descriptive characteristics of the child RSC.  
 Child Russian Sentence Corpus 
# of sentences 30 
# of words  227 
Sentence length (words) M = 8, range: 6–9 
Word length (letters) M = 5.6, Mdn = 6, range: 1–13 
Word frequency (items per million) M = 3088.2, Mdn = 2583.3, range: 7.4–7537.7 
 
3.2.3. Procedure 
All sentences were presented in Ubuntu Mono Normal black font, size 22 pt, on a light 
grey background programmed in Experiment Builder (SR Research Ltd.). We used the BenQ 
XL2411Z 144Hz monitor (resolution: 1920 x 1080 pix) controlled by a ThinkStation computer. 
The eye movements were recorded by the Eyelink 1000+ desktop mount eye-tracker using a chin 
rest. The right eye was tracked, at 1000 Hz rate. The experiment started with a 9-point 
calibration procedure repeated after every 15 sentences. Stimuli appeared on the screen in 
randomized order. Each sentence was followed by a multiple-choice question to ensure 
participants read for comprehension. 
Sentence presentation was conducted the following way: First, we performed drift 
correction where participants fixated their gaze on a black point on the left edge of the screen. 
The point disappeared after the gaze was fixated for 500 ms, followed by the presentation of the 
sentence in which the first letter of the first word appeared in the place of the black circle. After 
the participants finished reading the sentence, they looked at the red circle in the lower right-





appeared. As soon as the participants clicked on one of the options, the next sentence 
presentation began with the drift correction. Overall, participants took approximately 30 minutes 
to complete the task. 
 
3.3. Results 
3.3.1. Scanpath analysis 
The first stage of our analysis serves to identify reading strategies occurring in our data 
set. It consists of the following steps: 
1. Plotting scanpaths for each sentence and participant for visual inspection; 
2. Calculating pair-wise scanpath dissimilarity scores for each sentence; 
3. Fitting a map of scanpaths for each sentence (multi-dimensional scaling); 
4. Conducting cluster analysis for each sentence using the map as input; 
5. Identifying the prototypical reading pattern of each detected cluster. 
In the second stage, we then investigate the factors that predict which of the identified reading 
strategies a participant adopts in a given situation. The sentences and the script used for the 
analyses reported below are available at the Open Science Framework project page 
osf.io/9z7yv/?view_only=1c12ec9dfd8749e4a48e6f74fc35e0d1 
 
 Plotting scanpaths for each sentence and participant. First, to get a general idea of how 
participants read the sentences, we created plots of scanpaths for every participant and sentence 
by using the x-coordinate of each fixation and its time within the trial (y-coordinates remained 





answers to comprehension questions were included; The accuracy was high for all participants 
(monolingual adults Maccuracy = 95%; children Maccuracy = 99%; HSs Maccuracy = 91%; L2 learners 
Maccuracy = 86%). Figure 3.1 shows the 120 scanpaths recorded for example sentence (2) which 
was the sentence that elicited the least diverse scanpaths. Each plot shows the scanpath for one 
participant (with participant number at the top, coded by color: ML1-30 – monolingual, CH1-30 
– child, HS1-30 – Heritage Speaker, L21-30 – L2 learner). The x-axis shows words and the y-






Figure 3.1.  Scanpaths for  Example (2) with the least diverse reading scanpaths. Scanpath plots 
referred to in the text are framed. Scanpaths are truncated at 15s for plotting. 
 
Some participants read slower (i.e., the scanpath line is extended vertically e.g., CH26, HS4), 





HS24, HS29) or skip words more often (i.e., scanpath line is flat across three or more words, 
e.g., ML18, ML28) than others. 
 Figure 3.2 shows scanpaths for example sentence (3) which elicited the most diverse gaze 






Figure 3.2. Scanpaths for  Sentence (3) with the most diverse scanpaths. Scanpath plots referred 
to in the text are framed. Scanpaths are truncated at 15s for plotting. 
 
Calculating scanpath dissimilarity scores. Next, for each sentence, we calculated the 
pair-wise dissimilarities of all scanpaths. This measure calculates the difference between two 
scanpaths as a function of the spatio-temporal differences between the two matched (i.e., 
sequentially aligned) fixations, where x- and y-coordinates and durations of the fixations are 
represented as continuous variables (see von der Malsburg & Vasishth, 2011 for a detailed 
description of the dissimilarity measure). For example, if two fixations have the same x- and y-
coordinates, then dissimilarity is equal to the difference in the duration of the fixations. If, on the 
other hand, two matched fixations are far from each other (e.g., in case of regression), the 
difference between them is the sum of their fixation durations. The reason for that is the 
following: If these two fixations are long, it means that the spatial disparity between them lasted 
longer (readers looked at different things longer) and, therefore, these two fixations are more 
dissimilar than two fixations with short durations. When the distance between two matched 
fixations is of a medium range (not too far or too close), the dissimilarity score is a weighted sum 
of the difference and the sum of the two fixations. We calculated the scanpaths dissimilarity 
scores using the software package scanpath for R (von der Malsburg et al., 2015). Having 
obtained the dissimilarity scores for each pair of scanpaths recorded for a sentence, we then 
calculated the average dissimilarity among scanpaths for each sentence and determined which 
sentences had elicited the most and the least diverse scanpaths in the corpus.  
Examples (2) and (3) elicited quite different scanpaths that varied a lot. This difference in 





Example (2) (Figure 3.1) has a canonical SVO word order and includes high-frequency words 
(Mfreq = 4250 ipm). On the other hand, Example (3) (Figure 3.2) has a non-canonical OVS word 
order, passive voice, and low-frequency words (Mfreq = 407 ipm). Therefore, in contrast to 
Example (2), participants fixated the words more (CH18, ML17) and re-read them (CH30, L24) 
and the entire sentence (CH30, HS28, L24) multiple times in Example (3). 
 
Fitting maps of scanpaths. Next, to visualize the variability of scanpaths across all corpus 
sentences, multi-dimensional scaling (Kruskal, 1964) was used to calculate a map of scanpaths 
for every sentence and every participant (Figure 3.3). On these maps, every scanpath for each 
participant is represented as a point (i.e., circles – children, squares – HSs, diamonds – L2, 
triangles – monolinguals). Similar scanpaths are located closer to each other (i.e., participants 
read in the same way) (Figure 3.3A). The further away the scanpath is from the gravity center of 
the map, the more irregular the reading pattern of the participant (i.e., dissimilar from other 
participants) (Figure 3.3B). More difficult sentences typically elicit more irregular scanpaths (cf. 







Figure 3.3. Maps of scanpaths showing the first 2 dimensions that explain the most of the 
scanpath variance: (A) the map for Example (2) that elicited the smallest scanpath variance, (B) 
the map for Example (3) with the most varied scanpath patterns. 
 
The goodness of fit of the maps depends on the number of its dimensions (for more 
detailed specification of the procedure of fitting maps, see von der Malsburg & Vasishth, 2011). 
A large number of dimensions results in the map with more degrees of freedom and a smaller 
percentage of the variability that cannot be explained by the map. Therefore, high-dimensional 
maps represent the similarities among scanpaths more faithfully, but they also risk overfitting the 
data. 
 The number of dimensions of our maps was set to 6 such that the percentage of 
unexplained variance by the maps was on average 11% (SD =1.17) which indicates a reasonably 
good fit (Kruskal, 1964). Maps of scanpaths were fit using function isoMDS in the R package 





 Map dimensions can correspond to interpretable scanpath features. For instance, 
examining Figure 3.2 suggests that dimension 1 in Figure 3.3B corresponds to the variability in 
reading speed, while dimension 2 represents the amount of re-reading. For other sentences, the 
dimensions can capture different kinds of variance. Thus, hypotheses tests are needed to test 
which features explain the structure of a scanpath space.  
 
Conducting cluster analyses for each sentence. The goal of the cluster analysis is to 
identify categories of scanpaths that present qualitatively different reading strategies (if any). 
Clusters for each sentence were identified by applying mixture of Gaussians modeling (Mclust 
package, Fraley & Raftery, 2007), where all parameters of the clusters (e.g., position, variance 
and rotation) were allowed to vary freely. The benefit of using a mixture of Gaussians modeling 
is the ability of the procedure to detect clusters even in case they overlap (vs. k-means clustering) 
which is useful considering the nature of our data.  
 Models were fit for numbers of Gaussian fixed at 3 to avoid overfitting the data (i.e., 
capturing random variation in reading patterns) and to prevent clusters that just model long tails 
of slightly non-Gaussian distributions. Figure 3.4 shows the maps of scanpaths for sentences in 







Figure 3.4. Maps of scanpath clusters showing the first 2 dimensions that explain the most of the 
scanpath variance: (A) the map for Example (2) that elicited the smallest scanpath variance, (B) 
the map for Example (3) with the most varied scanpath patterns. Figure 3.3 preserves the original 
group membership whereas the 3.4 shows new groups based on the clustering algorithm.  
 We can also overlay clusters directly onto participants’ scanpaths to get a general idea of 
which features are characteristic of a cluster (i.e., reading times, regressions, skipping, number of 
reading passes, etc.). Figure 3.5 presents scanpaths for Example (3), color-coded by the cluster. 
Cluster 1 (magenta) includes scanpaths that are close to ‘baseline’ characterized by regular left-
to-right reading, short fixations, frequent word skipping, and few regressions. Cluster 2 (brown) 
is also characterized by regular left-to-right reading, but has increased fixation durations, 
backward saccades to re-read individual words, some sentence re-reading, and instances of word 
skipping. Finally, Cluster 3 (blue) is characterized by considerably increased reading times, 






Figure 3.5. Sample of the scanpaths coded by clusters for Example (3) that elicited the most 
diverse eye-movement patterns. Scanpath plots are truncated at 15s for plotting. 
 
Identifying the prototypical reading strategies. Finally, for each sentence, we identified 
the ‘prototypical’ reading strategy for each cluster represented by the scanpath that is the closest 





used by Russian readers: a) fluent reading strategy (Cluster 1); 2) intermediate reading strategy 
(Cluster 2); and c) beginner reading strategy (Cluster 3). Figure 3.6 presents these three reading 
strategies for Example (3). Note that, at this point, these strategies are descriptive in nature. As 
can be seen in Figure 3.3, there is a continuum of scanpaths and the clusters identified in the 
cluster analysis serve to concisely characterize and summarize that continuum. Across all 30 
sentences in the corpus, our participants were classified as follows: 27.2% (SD = 4.8) exhibited 
the fluent reading strategy, 49.3% (SD = 6.1) preferred the intermediate reading strategy, and 
23.5% (SD = 7.2) followed predominantly the beginner reading strategy (see Supplementary 
files S1-S4 for scanpaths, cluster maps and prototypical reading strategies in all sentences). 
Figure 3.6. Prototypical reading strategies in Example (3) as identified by scanpaths closest to 





3.3.2. Interpretation of scanpath analysis 
 In the current study, by means of the scanpath analysis, we seek to answer several 
research questions. First, what are the most common reading strategies that readers use for 
comprehension of simple sentences in Russian regardless of their group membership? Second, 
do groups of speakers differ in their preference for reading strategies? Specifically, do 
monolingual adults read qualitatively differently from other participants? Will children and high-
proficiency HSs share the same reading strategies? Will L2 learners read on par with low-
proficiency HSs?  Third, what additional demographic and reading performance factors beyond 
proficiency (e.g., age of arrival, exposure to non-dominant language, comprehension abilities, 
reading fluency in English) influence the choice of reading strategies for bilingual readers? 
 
 Common readings strategies. All data analyses were performed in R (version 3.5.1; R 
Core Team, 2018). For the (generalized) linear mixed effects models, we used lme4 (1.1-13) and 
sjPlot package 2.8.3 (for data visualization and computation of p-values; Lüdecke, 2017). 
Throughout the analysis, all (g)LMMs included random intercepts for sentences and readers. 
Table 3.3 (top panel) presents means and SDs for eye-movement measures for each of the 
three reading strategies. All p-values for between-strategy differences (as assessed using series of 
linear mixed-effect models which included strategy as a fixed predictor and eye-movement 
measure as an outcome) were less than .001 (see Table B1 for estimates and corresponding p-
values in the Appendix). Table 3.3 (bottom panel) presents the percentage distribution of 120 
participants per each of the reading strategies across all 30 sentences (i.e., distribution of groups 






Table 3.3. Means and SD for eye-movement measures (top panel) and percentage distribution of 
participants comprising each of the reading strategies (SD) 
 Reading strategy 
 Fluent Intermediate Beginner 
Gaze duration 289.3 (81.8) 689.9 (338.2) 1053.5 (544.4) 
Skipping rate (%) 17.1 (13.7) 8.7 (11.9) 5.8 (10.9) 
Fixation count/word 1.3 (.390) 2.8 (1.1) 5.1 (2.1) 
Regression rate (%) 12.9 (14.7) 25.4 (18.7) 38.2 (22.7) 
Count of word readings 1.0 (.270) 1.4 (.492) 2.2 (.923) 
Total time reading/sentence (s) 2.1 (.761) 6.4 (2.9) 13.8 (5.9) 
Monolinguals 73.6% (4.8) 10.0% (3.4) 0.5% (0.34) 
Children 11.0% (2.2) 35.7% (2.8) 22.1% (3.1) 
HSs 12.2% (2.0) 28.8% (2.9) 35.1% (3.1) 
L2 learners 3.3% (0.96) 25.5% (3.8) 42.3% (4.3) 
 
 Although all three strategies are found in all four groups of Russian readers, Table 3.3 
(bottom panel) reveals that in each strategy there is a group that uses this strategy most 
frequently. Figure 3.7 shows the counts of instances of the reading strategies that each reader 
contributed (first 2 top rows are children, next 2 rows are HSs, followed by L2 learners and last 2 
rows are monolingual adults). For every reading strategy, there are readers that show a strong 
preference for it. Some readers did not use fluent or beginner strategies at all, but the 







Figure 3.7. Individual differences in reading strategies: The graph shows how many instances of 
the reading strategy each reader produced. The first 2 top rows are children, the next 2 rows are 
HSs, followed by L2 learners and the last 2 rows are monolingual adults. 
 
  Group preferences for reading strategies. After we determined the three reading 
strategies that are common for all four groups, we investigated whether the group members (i.e., 
monolingual adults, children, HSs, and L2 learners ) differed in their preferred strategy. We 
suggested that while monolinguals would mostly produce fluent reading strategy, children’s and 
HSs’ reading strategies would overlap. We also predicted that proficiency would have an effect 
in that low-proficiency HSs would be clustered together with L2 learners. To test this prediction, 





of speakers where both the outcome variable (reading strategy) and group membership were 
dummy-coded as a binary variable (‘1’ - present; ‘0’ - absent). For example, to calculate the 
probability of monolingual adults exhibiting fluent reading strategy, a participant would be coded 
as ‘1’ if she was a member of the monolingual group and the reading strategy would be coded as 
‘1’ if this participant’s scanpath indeed belonged to fluent reading strategy cluster as identified 
by the mixture of Gaussian modeling on a sentence-by-sentence basis. If the scanpath of the 
same participant, however, belongs to the beginner cluster in that sentence, the outcome variable 
in the model received the code ‘0’. Thus, the model estimates the probability of a participant in a 
specific group to exhibit the reading strategy compared to all other readers not belonging to the 
same group. Effect sizes (Cohen’s d) were calculated using lme.dscore function from the 
EMAtools package (Kleiman, 2017) for R.  
 The results of the generalized linear modeling are presented in Table 3.4 (Nparticipants = 
120, Nsentences = 30, 3477 observations). They indicate that, in comparison to other readers,  
monolingual speakers exhibited a high probability of the fluent reading strategy. Accordingly, it 
was highly unlikely that monolinguals would rely on intermediate or beginner strategies. 
Monolingual children read sentences relying on the intermediate strategy more often than other 
strategies or other readers. HSs did not show a strong preference for either the intermediate or 
beginner reading strategy, whereas among all groups, L2 learners had a higher probability of the 
beginner reading strategy than other participants, although they also produced many scanpaths in 





Table 3.4. Parameter estimates for GLMMs: Probability of using of the three reading strategies 
by group (Bonferroni correction applied). 
 Reading strategy 
   Fluent  Intermediate  Beginner 
   Est SE p d   Est SE p d   Est SE p d 
Monolingual 6.8 .63 <.001 3.1   -2.5 .36 <.001 -1.3   -6.3 .90 <.001 -1.0 
Children -2.4 1.1  .069 -.51   1.6 .39 <.001 .74   .15 .67 1.00 -.13 
HSs -3.3 1.1 .006 -.47   .54 .41 .579 .22   1.4 .65 .081 .32 
L2 learners -4.6 .96 <.001 -.78   .41 .42 .972 .16   2.7 .61 <.001 .77 
 
 
Demographic and reading performance factors in bilingual readers. For each of the two 
groups of bilingual readers, we tested the impact of two demographic factors on reading 
strategies, i.e., age of arrival (AoA) to the USA and daily exposure to Russian, and two reading 
performance factors, i.e., self-estimated comprehension ability in Russian and proficiency in 
reading (as defined by ORF-Rus test) along with scores for Oral Reading Fluency assessment in 
English. Two predictors in the model were statistically significant (see Table B2 and Table B3 in 
the Appendix B for full statistical analysis). First, what matters for HSs (Nparticipants = 30, Nsentences 
= 30, 896 observations) in developing one of the three strategies was the proficiency level in 
reading in Russian (ORF-Rus). Higher proficiency led to a reliance on fluent reading (β = 2.6, SE 
=.57, d = 1.6, p < .001), whereas lower proficiency resulted in the beginner reading strategy (β = 
-1.5, SE =.41, d = -1.2, p < .001). For L2 learners (Nparticipants = 30, Nsentences = 30, 814 
observations), the probability of developing the fluent reading strategy increased with higher 






In this study, we applied a scanpath analysis to establish and describe global reading strategies in 
bilingual and monolingual speakers of Russian. The cluster analysis that grouped similar gaze 
trajectories in reading 30 sentences allowed us to identify three distinct reading strategies: 1) 
fluent; 2) intermediate; and 3) beginner (see Table 3.5 for the conceptual comparison of the eye-
movement characteristics of these strategies). We also found that the group membership of our 
participants (monolingual adults, children, HSs, and L2 learners) correlated with the clustering of 
their gaze trajectories into one or another common reading strategy. Finally, we established that 
out of the demographic and reading performance factors that represent individual differences in 
our bilingual readers only proficiency for HSs (as assessed through ORF-Rus test) and 
comprehension scores for L2 learners affected the choice of reading strategy. 
 
Table 3.5. Conceptual comparison of three reading strategies (to match the descriptive 
characteristics in Table 3 and statistical analysis in Table B1).  
 Fluent Intermediate Beginner 
Fixation duration 289 ms 690 ms 1054 ms 
Word skipping 17% 9% 6% 
Total reading time 2 s 6 s 14 s 
Short leftwards saccades Few √ √ 
Long regressions Few √ √ 






The fluent reading strategy is characterized by straight left-to-right reading which includes short 
fixation durations, high word skipping probability, and absence of long regressions or sentence 
re-readings. We suggest that this strategy is used by participants who generally do not experience 
any difficulties in lexical access or morphosyntactic processing in reading (e.g., monolingual 
adults) while comprehending simple Russian sentences.  
The primary characteristics of the second, intermediate reading strategy are fixations that 
are twice as long in the duration, higher rates of producing short leftwards saccades, lower 
probability of word skipping, and absence of sentence re-readings. The previous studies suggest 
that short regressions to the beginning of the current or previous word (i.e., word re-reading) can 
be the result of the reader’s need to perform a local ‘targeted repair’, namely, to come back to the 
area where the processing difficulty occurred (e.g., Frazier & Rayner, 1982; Meseguer et al., 
2002). While our sentences did not include experimentally created ambiguities, we propose that 
short leftward regressions serve the same function as they help resolve local processing 
difficulties such as, for example, word recognition failure (Bicknell & Levy, 2011). The natural 
tendency of readers to avoid such failures also triggers a ‘careful’ reading pattern which is 
characterized by the absence of skipping and slower total reading times. This reading behavior 
might be the most optimal for readers who have insufficient exposure to the language (e.g., 
second language learners, Gollan et al., 2008; Whitford & Titone, 2012, 2016), experience age-
related reading challenges (older monolingual speakers, von der Malsburg et al.2015; Rayner et 
al., 2006) or are unfamiliar with reading materials (e.g., children or adult poor readers, Barnes & 
Kim, 2016; Kuperman & Van Dyke, 2011).  
Finally, the third beginner reading strategy is characterized by long fixation durations, 





sentence sometimes multiple times. We suggest that this reading strategy is attributable to 
readers who not only experience delays in word recognition or local syntactic misparsings, but 
also struggle with global challenges in semantic and morphosyntactic information integration. 
These readers often re-parse the sentence from scratch after the first-pass reading. Following von 
der Malsburg and Vasishth (2011, 2013) as well as good-enough parsing account (Ferreira et al., 
2002), it is possible that these readers avoid building up the interpretation of the whole sentence 
during the first-time reading. Instead, they ‘skewer’ semantic information from individual words 
and integrate it with syntactic representation during second or even third re-readings (evident 
through word skipping and faster reading times in 2nd or subsequent re-readings).  
The beginner reading strategy can be the most efficient way to allocate limited cognitive 
resources (attention, working memory, and decoding of visual information) and reduce cognitive 
load during sentence processing which is, undoubtedly, a challenging task for these readers (for 
review on cognitive automaticity in L2 language processing see Segalowitz & Hulstijn, 2009). 
We suggest that the beginner reading strategy is the preferred strategy for readers who are either 
at the very first stages of literacy acquisition (e.g., pre-school children) or just started to acquire a 
new (second) language, especially if that language is dissimilar to the dominant language (e.g., in 
phonology, grammar, and orthography). 
 In general, our results confirmed the predictions of the divergent attainment theory of HL 
acquisition (Benmamoun et al., 2013; Montrul, 2008, Scontras et al., 2015) as well as findings 
from the previous studies (Cop et al., 2015; Parshina et al., 2020). Scanpaths of monolingual 
speakers were consistently characteristic of the fluent reading strategy whereas scanpaths of HSs 
depend on their proficiency. The higher their proficiency, the higher the probability that their 





stronger tendency towards the intermediate reading strategy compared to other readers. Low-
proficiency HSs read on par with L2 learners of Russian, who use the beginner reading strategy 
more often than any other group.  
The absence of the effects of other demographic factors in HSs (i.e., age of arrival and 
daily exposure to Russian) besides proficiency on their ability to move from the beginner to 
intermediate reading strategy suggests that, despite their early exposure to the HL in its spoken 
modality, their reading skills (as opposed to auditory comprehension, production, phonology, 
grammar, and vocabulary knowledge) do not seem to benefit from the heritage type of language 
acquisition. These readers exhibit reading behavior typical of unbalanced L2 learners who started 
to learn the second language later in adulthood and in a classroom setting. This conclusion 
supports the previous reported results of no advantage of HSs in literacy acquisition (Ke, 1998; 
Xiao, 2006; Zhang & Koda, 2018). It should be noted, however, that the number of participants 
in each of the analyses that examined the effects of demographic factors was low (n=30), thus 
the power may have been not high enough to detect all effects. Thus, future studies with a higher 
number of HS participants are needed.  
Not surprisingly, our L2 participants were different from the other three groups of 
readers, as they showed the strongest reliance on the beginner reading strategy compared to other 
groups of readers. Very few of them (3% of scanpaths) produced scanpaths that follow the fluent 
reading strategy, and the choice of this strategy was predicted by self-estimated comprehension 
scores. We hypothesize that L2 learners' reliance on the beginner reading strategy is due to the 
difficulties they experience with the grapheme-to-phoneme decoding process while reading in 
Russian (Comer & Murphy-Lee, 2004; Comer, 2012). The time that L2 learners spend on this 





information integration from the entire sentence challenging (for review, Gor, 2017). As a result, 
L2 learners have to use a global-level remedy for comprehension difficulties: They re-read the 
sentence multiple times. It is also likely that the cognitive resources allocated to reading in L2 
are limited by working memory. Thus, we hypothesize that re-reading of simple sentences that is 
the most distinct characteristic of the beginner reading strategy is a way to re-distribute the 
allocation of the resources and give a parser a “fresh start” after all initial difficulties were 
resolved during first-pass reading. 
In contrast to HSs, self-estimated comprehension ability but not proficiency was a 
significant predictor of reading fluency for L2 learners wherein higher scores predicted the 
reliance on the fluent strategy. We hypothesize that this finding might be explained by good-
enough parsing account (Ferreira et al., 2002) if we assume that comprehension scores reflect the 
participants’ estimation of their vocabulary size in Russian (cf. Zhang & Koda, 2018). The 
vocabulary knowledge gives these readers an advantage in reading simple child-friendly 
sentences as the parser does not have to commit to a full analysis of the sentence. Instead, it 
‘scans’ the words, extracts their meanings, and comes back to interpretation later, resulting in 
rare occasions of the fluent reading strategy while avoiding in-depth processing in reading.  
To summarize, in the current study, we presented the first investigation of reading 
strategies among various groups of Russian readers using a scanpath approach. It has provided 
valuable insights into the differences in reading strategies among monolingual adults, children, 
and bilingual readers of various backgrounds and proficiency. It should be noted, however, that 
the three reading strategies that we identified through cluster analysis are largely descriptive in 
nature. While they represent concise summaries of the scanpath variation among Russian 





clearly delineated underlying mechanisms in written language processing. The fact that many 
readers in our study produced scanpaths following multiple reading strategies (e.g., fluent 
reading strategy in Example (2) but intermediate reading strategy in Example (3)) or the fact that 
there is a considerable variability not only between but also within groups of readers (e.g., two 
children in our study consistently used fluent strategy and three children preferred beginner 
strategy) suggests that reading patterns are on a continuum. The scanpath approach used in this 
investigation serves to characterize that continuum. A remaining question is which underlying 
factors that were not investigated in the current study—e.g., surprisal cost of a word in the 
sentence (Boston et al., 2008), word predictability, vocabulary size of all participants, etc.—
facilitate the transition of readers, be they monolingual or bilingual, adult learners or children, 
along the continuum, from the beginner to intermediate to fluent reading strategy? We believe 
that exploring these factors will be a fruitful line of future research and that the answer will 






CHAPTER 4. PREDICTION ABILITIES OF HERITAGE SPEAKERS AND L2 
LEARNERS OF RUSSIAN IN READING 
 
This chapter is reproduced from an article in preparation (for consistency, we have adjusted the 
format of the manuscript for the thesis). The full reference to the article: 
Parshina, O., Ladinskaya, N., & Sekerina, I.A. (2020). Prediction abilities of Heritage Speakers 
and L2 learners of Russian in reading. [Unpublished manuscript]. Psychology, City 
University of New York. 
Abstract 
In this study, we investigated lexical and morphosyntactic prediction abilities in Russian-
speaking HSs (n= 31) and compared them to L2 learners of Russian (n=32) and monolingual 
skilled readers (control group). Following the recent prediction-by-production theory (Pickering 
& Gambi, 2018), we expected HSs to outperform L2 learners in a lexical prediction task 
(Experiment 1; cloze test) due to their good command of the spoken language. In contrast, we 
hypothesized that L2 learners, but not HSs, will show morphosyntactic prediction (i.e., 
prediction of morphosyntactic features without semantic prediction) by exhibiting sensitivity to 
morphosyntactic violations in adjective-noun gender agreement in sentence reading (Experiment 
2; eye-tracking task). The results of the study confirmed the first hypothesis concerning lexical 
prediction: HSs produced higher cloze probabilities compared to L2 learners. However, we did 
not find any effects of gender agreement violations on any of the eye-movement measures in 
Experiment 2, suggesting that unlike monolinguals, HSs and L2 learners do not engage in the 
morphosyntactic prediction while reading. The findings are discussed in terms of the prediction-





and attrition (Scontras et al., 2015) as well as failed functional features hypothesis 
(Franceschina, 2005) and good-enough hypothesis (Ferreira et al., 2002) of bilingual language 
processing. 
4.1. Introduction 
Language prediction is believed to be an integral part of human language processing abilities at 
all linguistic levels: lexical (Altmann & Kamide, 1999, Grisoni et al., 2017), morphosyntax (Lau 
et al., 2006; Szewczyk & Schriefers, 2013; Van Berkum et al., 2005), phonology and 
orthography (DeLong et al., 2005; Dikker et al., 2010; Ito et al., 2018). For example, consider the 
sentence ‘I take my coffee with cream and___’. Most monolingual speakers of English can 
successfully generate both lexical (‘sugar’) and morphosyntactic (Noun, Singular) predictions 
from the context of this sentence. While previous studies showed that successful prediction 
facilitates language comprehension in monolinguals, there are no clear-cut conclusions about 
other groups of speakers, such as L2 learners (for a recent review, see Pickering & Gambi, 2018) 
with some studies suggesting smaller to no predictability effects compared to native speakers 
(e.g., Keating, 2009; Siyanova-Chanturia et al., 2011) and others reporting near native-like 
prediction skills (Foote, 2011).  
Currently, we know very little about prediction abilities of bilingual HSs in reading. This 
empirical investigation that consists of two experiments aims to investigate differences between 
HSs and L2 learners in: 1) lexical prediction in highly constraining and low constraining contexts 
during reading of isolated sentences; and 2) morphosyntactic prediction based on adjective-noun 
gender agreement during reading of isolated sentences. The prediction-by-production theory 
(Pickering & Gambi, 2018) suggests that HSs may have an advantage over L2 learners in lexical 





may have an advantage over HSs in morphosyntactic prediction due to the consistent and formal 
classroom learning of grammar. We start with a summary of what is already known about 
prediction in monolingual and bilingual reading and then outline the hypotheses of the current 
study. 
4.1.1. Prediction in monolingual reading  
The main debate in the field of prediction concerns not with the question of ‘whether” 
monolingual speakers predict linguistic information but rather ‘what’ they predict in a given 
situation, as well as ‘when’ and ‘how’ they do it (Huettig, 2015). One of the most recent theories, 
prediction-by-production (Pickering & Gambi, 2018; Pickering & Garrod, 2007, 2013) suggests 
that prediction at the different linguistic levels does not occur instantaneously. Instead, skilled 
monolingual speakers form predictions via a 2-phase production-based mechanism: 1) non-
optional spreading activation (or prediction-by-association) during which all target-related 
concepts are activated in the mental lexicon, and 2) optional covert imitation (prediction-by-
production) in which the comprehender pre-activates linguistic input based on the production 
phases, i.e., she first chooses lexical features of the word (lemma) that received the highest 
activation, then adds morphosyntax and, as the last step, phonology. 
 Notably, according to the 2-phase prediction process, non-native speakers may not 
complete the second, production phase as it requires more time and cognitive resources. Such 
groups as bilinguals, children, older monolinguals or adults with poor reading skills are likely to 
stop at the first, prediction-by-association stage. However, if the comprehender reaches and 
completes the second phase, that means she engages both in lexical and morphosyntactic 





words. Accumulation of evidence in sentence processing research indicates that monolingual 
speakers indeed show this ability (Pickering & Gambi, 2018). 
 
Lexical prediction. The experiments that focus on lexical prediction (i.e., the anticipation 
of the specific lexical item and its grammatical form) and employ simple Cloze procedure 
(typically for norming purposes; Taylor, 1953) in which participants are asked to fill in a blank 
in the sentence, show that in moderate-to-highly constraining contexts, monolingual speakers 
predict the expected lexical item with high accuracy (cloze probability 0.67–0.95; Luke & 
Christianson, 2016) (for a review of a cloze task, see Staub et al., 2015).  
The evidence that monolingual comprehenders employ lexical prediction also comes 
from electrophysiological research, specifically, event-related potentials (ERPs) that use cloze-
probabilities from norming studies to test predictability effects in online sentence comprehension 
(for review, see Van Petten & Luka, 2012). In these studies, researchers observe an increase in 
N400 in response to unexpected words and reduced N400 when participants encounter expected 
words in highly constraining context (e.g., Federmeier & Kutas, 1999; Federmeier et al., 2002; 
Kutas & Hillyard, 1980). Thus, participants are sensitive to lexico-semantic anomalies (there is, 
however, a growing consensus that such effects might be due to integration success or failure 
rather than prediction [Kutas et al., 2011; Pickering & Gambi, 2018]). In addition, several studies 
report the ‘semantic’ P600 effect in response to semantically incongruent words in the sentences 
(Kim & Osterhout, 2005; Kuperber et al., 2003; van Herten et al., 2005) indicating that 
participants might revisit and re-analyze the location where the semantic violation occurred.  
Eye-tracking research also reveals strong predictability effects on eye-movement 





unpredictable ones (Balota et al., 1985; Boston et al., 2008; Demberg & Keller, 2008; Luke & 
Christianson, 2016; Rayner et al., 2001; Rayner et al., 2011; Smith & Levy, 2013). Highly 
predictable words also receive fewer fixations and for shorter duration times compared to low-
predictable words (Staub, 2015). In addition, the effects of predictability are evident on the 
saccade regression rate wherein less predictable words are regressed to with a higher probability 
(Staub, 2011, but see Staub, 2015). It should be noted, however, that full lexical prediction (i.e., 
very detailed prediction of a lexical item and grammatical form) typically occurs only in highly 
constraining contexts (Pickering & Gambi, 2018) while less constraining contexts allow for 
graded prediction, i.e., pre-activation of just some semantic or morphosyntactic features (Luke & 
Christianson, 2016).  
 
Morphosyntactic prediction. A slew of recent studies suggests that besides lexical 
prediction, the occurrence of which is contingent on the context constraints, monolingual readers 
also engage in morphosyntactic prediction, i.e., they anticipate  morphosyntactic features of the 
word (e.g., tense, number, gender, case of the upcoming word) which can occur without pre-
activation of the word’s lemma.  In a series of experiments that used magnetoencephalography, 
Dikker and colleagues (Dikker et al., 2010; Dikker et al., 2009) show that speakers can anticipate 
the world class at the early stages of processing by showing participants’ sensitivity (early left-
anterior negativity) to syntactic violations in the sentences. Specifically, Dikker et al. report 
activity in occipital regions occurring as early as 125 ms from the onset of the unexpected item. 
The results suggest that predictions about the form of the upcoming syntactic categories are 





Similarly, in the ERP study with 37 native Polish speakers, Szewczyk and Schriefers 
(2013) report that sentences in which the animacy of the direct object noun did not agree with 
animacy marker on the preceding adjective elicited negativity in the parietal lobe area, the effect 
which author contributed to participants’ ability to predict the grammatical class of the upcoming 
noun. In series of two eye-tracking studies, Luke and Christianson (2015, 2016) provide further 
evidence for the facilitatory processing effect of morphosyntactic prediction: Participants were 
able to predict tense markers on the verbs as well as number markers on the nouns evident 
through decreased single fixation duration, gaze duration and total reading times on the 
predictable versus unpredictable words.  
 
Predictability and parafoveal processing. Studies of the perceptual span have 
demonstrated that readers preview the upcoming information while reading. In alphabetical 
languages, it varies from 3–4 characters to the left and up to 15 characters to the right of the 
current fixation (McConkie & Rayner, 1975). Such a large span to the right of the fixation 
implies that readers can preview the next word or even a couple words in the parafovea. A 
number of studies explored the connection between predictability and parafoveal preview in 
sentence reading.  
In the seminal work, Balota and colleagues (1985) manipulated the predictability of the 
target word in the preview by changing the context in which it appeared. Readers skipped more 
and fixated the target words for shorter times in the condition when the preview was valid or 
when it was visually similar to a non-word presented in the parafoveal view. Thus, the validity of 
the preview and word’s form similarity affect skipping rates and fixation durations of the 





These findings, however, started a debate in the predictability research area as they indicate that 
the effects might not be due to the predictability of the parafoveal words per se, but due to the 
successful integration of the words in the context. Thus, to separate the effects of predictability 
from the integration effects, it is important to eliminate the parafoveal preview of the target 
words while exploring the predictability effects not only on the target words but also on the pre-
target words (Pickering & Gambi, 2018).  
4.1.2. Prediction in bilingual reading  
Currently, there is no agreement on whether bilingual speakers anticipate upcoming 
lexical and morphosyntactic information (Kaan, 2014, for review). Below we briefly overview 
findings from studies that directly or indirectly have focused on these two types of predictability 
in reading in bilingualism. 
 
Lexical prediction in bilingual reading. Martin and colleagues (2013) employed the cloze 
test to explore bilinguals’ ability to produce the noun that is highly predictable in the context. 
They presented 80 sentences to 21 native speakers of English and 20 high-proficiency English-
Spanish bilinguals who were asked to complete the sentences with one noun phrase (article plus 
noun) that first comes to mind. Not surprisingly, nouns in highly predictable context had higher 
cloze-probability (0.69 for monolinguals and 0.65 for bilinguals) compared to ones that were 
unexpected in the context (0.08 and 0 .09 for monolinguals and bilinguals, respectively). More 
importantly, researchers did not find any differences in probability ratings between monolingual 
and bilingual groups. Interestingly, in the same study, the authors also conducted an ERP 
experiment with a new group of bilinguals who read the same sentences from the cloze test. In 





learners and thus concluded that during online sentence processing, L2 learners do not predict 
upcoming words in the same manner as monolinguals. 
Siyanova-Chanturia, Conklin and Schmitt (2011) also confirmed the absence of lexical 
prediction when investigating the effect of idiom predictability on the eye-movement measures.  
In their study, 36 proficient English learners and 36 monolingual speakers of English read the 
stories that contained figurative (at the end of the day, i.e., ‘eventually’) and literal (at the end of 
the day) idioms as well as novel phrases (at the end of the war) while their eye movements were 
recorded. Researchers hypothesized that similarly to native speakers, bilingual participants 
should elicit fewer and shorter fixations for figurative idioms compared to literal idioms or novel 
phrases due to the high predictability of the idioms. While monolingual speakers indeed read the 
idioms faster than novel phrases (with no difference between figurative and literal meanings), 
bilinguals processed novel phrases and idioms with the same speed, requiring even more time to 
read figurative idioms compared to the literal ones. Siyanova-Chanturia and colleagues (2011) 
concluded that for bilingual speakers, the connection between the figurative idiom and its 
meaning (i.e., ‘eventually’) is weaker than the link between the individual word forms and their 
meaning. Thus, the literal meanings of the individual items are activated quicker than the 
figurative meaning of the whole idiom leading to the incorrect interpretation of the sentence.  
Several other eye-tracking studies, however, provide indirect support for the idea that 
bilinguals do use the contextual information to predict the upcoming lexical item in the 
sentences. In two studies in which the main goal was to investigate bilingual lexical access, 29  
Dutch-English bilinguals (Van Assche et al., 2011) and 30 French-English bilinguals (Libben & 
Titone, 2009) read sentences that contained either cognates or interlingual homographs in high or 





times (first fixation duration, gaze duration and total time reading) and higher skipping rates in 
highly constraining contexts compared to low constraining contexts, regardless of the word type 
(cognates vs. interlingual homographs) (see also van Hell & De Groot, 2008, for similar 
conclusions in the lexical-decision experiment and Lauro & Schwarz, 2017, for review). In sum, 
the following picture emerges for lexical prediction: High-proficiency L2 learners are able to 
build up a correct expectation of the upcoming lexical item similar to native counterparts. The 
ability depends, however, on the degree of the predictability of the context and the material 
stimuli (e.g., idioms vs. regular sentences).  
 
Morphosyntactic prediction in bilingual reading. Quite a few studies have investigated 
morphosyntactic prediction in bilinguals, both during offline and online sentence reading. Most 
of the research is focused on the ability of bilinguals to predict the upcoming information in the 
sentence using morphological cues on the preceding words. For example, Keating (2009) 
explored whether English-speaking learners of Spanish are sensitive to gender agreement 
violations during online sentence comprehension. Forty-four L2 learners of Spanish of various 
proficiency (advanced, intermediate, and beginning) as well as 18 native Spanish speakers read 
36 sentences while their eye movements were recorded. Some of the sentences included gender 
agreement violations between a sentence-initial noun and a modifying adjective that was located 
in one of the three positions in the sentence (immediately following the noun, in the verb phrase, 
or in the subordinate clause). The results indicated that only advanced L2 learners were sensitive 
to gender agreement violations and only when the violation was local (i.e., the violation was in 
the adjective that immediately followed the noun). Based on this finding, Keating argues that 





learners were sensitive to agreement violations in local domains), native-like processing of the 
gender agreement violations cannot be achieved. 
The same pattern of results was obtained in the combined eye-tracking and ERP study by 
Foucart and Frenck-Mestre (2012) in a design similar to one in Keating (2009). In the ERP part 
of the study, English-speaking learners of French and monolingual French speakers were 
presented with sentences visually word by word, with half of the sentences containing gender 
agreement violations. The results revealed that in line with Keating’s findings, L2 learners of 
French are sensitive to the agreement violation between the noun and the adjective that 
immediately follows it (for similar conclusions see Dowens et al., 2010; Tokowicz & 
MacWhinney, 2005) and also the adjective that precedes the noun, although the elicited 
responses are different for native speakers (P600) and for L2 learners (N400). Nevertheless, 
when the violation occurred not in the local domain, L2 learners failed to detect the error, 
whereas monolinguals consistently showed sensitivity. 
Interestingly, that pattern of results in Foucart and Frenck-Mestre (2012) completely 
changed when L2 learners read the same sentences in a more naturalistic setting, i.e., in the eye-
tracking part of the experiment. The results from the eye-tracking part of the study revealed no 
differences in violation sensitivity between native speakers and French L2 learners. Both groups 
of participants exhibited longer first fixation durations (FFD), gaze durations (GD), and total 
time reading (TT) in the case when the gender between the adjective and the noun did not match. 
The authors suggested that sensitivity to violations even in non-local domain in L2 learners is 
evident in the eye-tracking study because participants had the opportunity to re-read the sentence 
and to use the parafoveal preview (as opposed to word-by-word presentation in the ERP 





violations both in local and non-local domains, although the processing of the violations for L2 
learners is delayed compared to monolingual counterparts (null results in ERP study vs. clear 
sensitivity in the eye-tracking experiment). The findings are interpreted as supporting the 
shallow structure hypothesis (Clahsen & Felser, 2006) in that L2 learners are unable to carry the 
information about the agreement in the working memory beyond the local domain. 
It is possible that detecting agreement violations in comprehension works for L2 learners. 
For example, in a self-paced reading study, Foote (2011) found a difference in sensitivity to the 
noun-adjective or subject-verb number agreement violations in local domains in English-Spanish 
bilinguals, regardless of their age of L2 acquisition. Lim and Christianson (2014) found that 
Korean-English bilinguals showed sensitivity to the subject-verb agreement on par with native 
speakers of English, but it was modulated by proficiency: the greater L2 proficiency, the greater 
sensitivity to the morphological violations. Similarly, Hopp (2006) showed in the self-paced 
reading task, that proficiency played a significant role in using morphosyntactic cues (case 
marking and verb agreement) to disambiguate subject-object sentences. Near-native Dutch-
speaking L2 learners of German used morphological markings in the same way as German 
monolinguals did whereas low-proficiency L2 learners exhibited slower reading times regardless 
of the syntactic disambiguation conditions.  
In summary, the existing research on bilingual L2 sentence reading does not provide 
clear-cut conclusions about whether L2 learners use morphosyntactic information to anticipate 
the forms of the forthcoming words in the same manner as monolingual counterparts do. 
However, the studies give us some insights into the factors that may underlie the delay in the 





structures in both of bilinguals’ languages; 3) task (morphological cues in local vs. non-local 
domains) and methodology (self-paced reading/eye-tracking/ERP) specifics. 
 
4.1.3. The current study  
The relevant questions in this study are whether HSs resemble native speakers with 
respect to the lexical (Experiment 1) and morphosyntactic (gender agreement, Experiment 2) 
predictive processing or whether HSs are more similar to L2 learners (or, alternatively, L2 
learners outperform HSs). The existing research suggests that on many occasions, bilinguals 
perform similarly to native speakers in lexical prediction tasks, although the performance is 
heavily contingent upon bilinguals’ proficiency levels. In addition, the prediction-by-production 
model (Pickering & Gambi, 2018) assumes that speakers with a good command of spoken 
language (i.e., production) should reach the second, production phase and thus be able to use 
lexical prediction (i.e., anticipate specific lexical item).   
Hence, the intuitive expectation is that in the cloze test (Experiment 1), HSs, who are 
known for overall good command of the spoken variety of the HL, would perform better than L2 
learners (i.e., HSs’ cloze probabilities in highly constraining contexts will be higher). However, 
the task modality (visual) can play a vital role in HSs’ performance as they are known to 
experience difficulties with written materials due to the lack of exposure (Carreira & Kagan, 
2011; Parshina et al., 2020; Parshina et al., submitted).  
In respect to morphosyntactic prediction, we hypothesize that HSs will lag behind L2 
learners in their sensitivity to the gender agreement violations between nouns and the preceding 
modifying adjectives, but only in the condition when the morphological marker on the target 





dominant language transfer (Scontras et al., 2015; Polinsky, 2018), Russian HSs often 
restructure 3-gender grammatical systems in their HL to a simplified cue-based gender system as 
a result of the transfer from dominant English which has no gender agreement requirement in the 
grammar (Polinsky, 2008; Gor et al., 2019). To put it simply, due to the lack of input in HL and 
the absence of grammatical gender in English, HSs assign gender based on the formal cues 
(Polisnky, 2008). Specifically, in Heritage Russian, they assimilate all nouns ending in a vowel 
or sound ‘schwa’ as feminine and all nouns that end in consonants as masculine, ‘ignoring’ the 
other declensional paradigm in which phonologically opaque nouns can be either masculine or 
feminine (or neuter, not investigated in this study). 
In contrast to HSs, L2 learners might be less susceptible to the dominant language 
transfer as they receive formal instruction and training on the gender agreement rules in Russian. 
Therefore, based on the presence of grammar instruction with the combination of the task 
modality advantage, we expect L2 learners of Russian to demonstrate greater sensitivity to 
gender agreement violations and thus show more efficient morphosyntactic prediction compared 
to HSs. 
 
4.2. Experiment 1 
Using a cloze test in Experiment 1, we compared the lexical prediction ability of three groups of 
readers (monolingual adults, HSs, and L2 learners), i.e., the ability to predict a specific upcoming 
word of varying length and part of speech. We hypothesize that HSs would show an advantage 
over L2 learners in lexical prediction due to the greater exposure to the HL and overall good 






Participants. One hundred fifty-three participants were recruited to participate in the 
cloze test: 90 monolingual adults for norming purposes (19 men, MAge = 23.3, range 15–52), 31 
HSs (14 men, MAge = 19.6, range 18–33; MAgeofArrival = 4.1 years), and 32 L2 learners (19 men, 
MAge = 24.2, range 18–43). Seventeen HSs out of 31 also participated in the study reported in 
Chapter 2 (Parshina et al., 2020). Responses from two HSs and two L2 learners were discarded 
because they were not able to complete 80% of the sentences, resulting in the final samples of 29 
for HSs and 30 for L2 learners. Monolingual participants were recruited online through an 
announcement on a social network platform. Bilingual participants were recruited from two sites: 
an urban university in New York City and a university in Moscow (Russia). Before the start of 
the study, bilingual participants signed the informed consent and completed the language 






Table 4.1. Participant characteristics and average scores for performance on reading 
assessment tasks.  




N 31 32 
Age (y.o) 19.6 (2.9) 24.2 (5.9) 
Gender (women:men) 17:14 13:19 
Age of Arrival to USA (years) 4.1 (5.7) .39 (1.7) 
Vocabulary size (word count) 24337 (13788) 28721 (24241) 
Daily Russian language exposure (%) 27.5 (25.5) 17.5 (22.9) 
Daily reading exposure to Russian (min) 30–60 30–60 
Self-reported proficiency measures in Russian (scale 1–5, with 5 the highest) 
Comprehension 3.8 (1.1) 2.9 (.980) 
Speaking 3.6 (1.1) 2.8 (.805) 
Reading 2.7 (1.0) 2.7 (.758) 
Writing 2.6 (1.3) 3.0 (.695) 
Reading objective assessments (scores)   
Word ID-Rus 41.8 (5.6) 40.3 (6.7) 
Word ID-Eng 40.0 (6.0) 44.1 (2.4) 
ORF-Rus 10.8 (6.6) 11.4 (4.4) 






Materials. Pre-test assessments. Before conducting the cloze test with bilingual 
participants, we assessed their general reading abilities both in Russian and English languages. 
Table 4.1 provides scores for all pre-test assessments. They included 1) Russian Word 
Identification and Russian Oral Reading Fluency tests (Word ID-Rus and ORF-Rus; Fotekova & 
Akhutina, 2002), which are designed for monolingual Russian second-graders and assess reading 
speed, reading quality, and text comprehension in Russian, and 2) parallel English tests, the 
English Word Identification and English Oral Reading Fluency (Word ID-Eng and ORF-Eng, 
Woodcock, 2011) which we conducted to exclude the possibility of general reading difficulties 
in the dominant language. In lieu of the absence of standardized proficiency tests for HSs, we 
used Russian Oral Reading Fluency test as a proxy for the proficiency level estimation in 
Russian (see more details and explanation in Parshina et al., 2020).   
Participants’ vocabulary size in Russian was assessed via an online version of the 
Receptive Vocabulary test in Russian (Golovin, 2014). The test uses the Computerized Adaptive 
Testing (CAT) technique which adapts the next word difficulty (based on the lemma frequency) 
after each provided response. Note that the test estimates vocabulary size in word families, i.e., it 
includes the lemma and all its possible word forms into the size calculation. Thus, the average 
vocabulary size of monolingual Russian speakers aged 20 (to match Mage of HSs) is 60000 words 
(Golovin, 2015).  
 
Cloze test.  Participants were presented with the pairs of sentences in Russian in which 
the first sentence presented either highly or low constraining context, and the second sentence 
with the target word remained constant across conditions (1). The participants are asked to read 





always was the last word. In total, the task included 48 pairs of sentences (24 in each condition). 
Target words (N=24) were selected from the Bilingual Russian Sentence сorpus (Parshina et al., 
2020) and were manipulated in part of speech (Noun, Verb, Adjective) and word length (short: 
3–4 letters, medium: 5–7 letters, or long: 8–9 letters). All target words (lemmas) were high-
frequency words (Mipm  = 689.2, range 69.5 – 5414 ipm) 
(1) a. Highly constraining, Noun, Short:  
Мария недавно вышла замуж. Вчера она познакомила всех со своим __(мужем). 
‘Maria recently got married. Yesterday she introduced everyone to her new__(husband).’ 
      b. Low constraining, Noun, Short: 
Мария недавно переехала в США. Вчера она познакомила всех со своим __(мужем) 
‘Maria recently moved to the USA. Yesterday she introduced everyone to her 
new__(husband).’ 
 
Procedure. Monolingual participants completed the cloze test in an online survey presented 
via Google forms. After answering basic demographic questions (age, gender, occupation), 
participants were presented with the questionnaire that included the first 24 sentences with low 
constraining context in the Block 1, followed by 24 highly constraining context sentences in 
Block 2. For each sentence, the instructions were to complete the sentence with one word that 
first comes to mind and type it into the blank space. Participants were also instructed to take a 
30-minute break between the blocks.  
 All HSs and L2 learners were tested individually as a part of the study. Participants 
completed one of the versions of the online survey, the presentation of which was 





alternating order, while version B contained the remaining stimuli. Thus, a bilingual participant 
never saw two identical target sentences (to avoid priming). Participants were instructed to read 
stimuli silently, but to say the completion word out loud, which was then typed into the form by 
the experimenter (native Russian speaker) without changing the pronounced word form. To 
ensure that participants knew the meaning of all words in the materials prior to the blank space, 
they were allowed to use the TransOver service (version 1.48, Google extension) which after 
double-clicking on the word provided the translation of the lemma of the word to English.   
4.2.2. Results and Discussion 
After the responses were edited for spelling, they were coded as a binary variable: ‘1’ if 
the response matched the target word and ‘0’ if the response deviated from the target word. 
Figure 4.1 depicts mean cloze probabilities in all groups and across all conditions. In general, the 
highly constraining context elicited higher cloze-probabilities (M = 0.69, SD =0.23) compared to 
sentences with low constraining context (M = 0.19, SD = 0.10; t(148) = 28.9, p<.001). 
In a norming study, monolingual readers’ cloze probabilities were the highest among the 
three groups of participants, both in highly constraining context (M = 0.81, SD = 0.13) and low 
constraining contexts (M=0.21, SD=0.08). HSs predicted the target word in highly constraining 
context with 0.56 probability (SD =0.19), while in low constraining context the probability was 
0.18 (SD =.10). Finally, in L2 learners, highly and low constraining contexts elicited the lowest 
cloze probabilities (M=0.43, SD=0.25 and M=0.11, SD =0.09, respectively). All groups differed 
when comparing cloze probabilities among them (F (2,146) = 64.8, p<.001, posthoc analysis 
with Bonferroni correction indicated that all ps < .014). However, probability ratings in low 







Figure 4.1. Cloze probabilities as a function of highly constraining (left panels) and low 
constraining (right panels) contexts, word length and part of speech in three groups of readers. 
  
Next, to estimate the effects of the context constraints, part of speech and word length within 
each group, we ran series of logit mixed-effects models using lme4 package (Bates et al., 2015) 
in R (R Core Team, 2015) with cloze probability as a binary outcome and random intercepts for 
sentences and participants.  In addition, in each model, we included fixed predictors of word 
frequency (log-transformed) and the set of predictors obtained from pre-assessments tests and 
background language questionnaire for bilingual groups. All continuous fixed predictors were 





 The results of the generalized linear modeling are presented in Table 4.2. They indicate 
that in each group, the cloze probability was significantly higher in highly constraining compared 
to low constraining context. The word length affected cloze probabilities, but only in HS and L2 
learner groups, wherein the shorter the word, the higher the cloze probability. Finally, bigger 
vocabulary size increased the cloze probability for HSs, but not for L2 learners. There were no 






Table 4.2. Parameter estimates for GLMMs: Cloze probability by group (Bonferroni correction 
applied). 
   ML  HS  L2 
Fixed Effects Est SE p  Est SE p  Est SE p 
(Intercept) -2.9 .85 .005  -1.8 1.2 1.0  -2.2 1.1 .657 
Word frequency .412 .28 1.0  -.164 .41 1.0  -.263 .37 1.0 
Context (high vs. low) 3.4 .29 <.001  2.8 .46 <.001  2.6 .43 <.001 
Length Short : Medium .059 .35 1.0  .151 .51 1.0  .602 .46 1.0 
Short : Long -.683 .38 .508  -2.4 .60 .001  -1.8 .54 .012 
Medium : Long -.742 .38 .373  -2.6 .60 <.001  -2.4 .55 <.001 
PoS            Noun : Verb .485 .37 1.0  1.0 .56 1.0  .419 .50 1.0 
Noun : Adjective .209 .37 1.0  .286 .55 1.0  .382 .50 1.0 
 Verb : Adjective .695 .36 .385  1.3 .54 .253  .801 .49 1.0 
Age of Arrival to USA - - -  .083 .11 1.0  .431 .44 1.0 
Daily Russian Exposure - - -  -.048 .14 1.0  .142 .20 1.0 
Pre-tests  Word ID-Rus - - -  -.041 .17 1.0  .452 .24 .940 
Word ID-Eng - - -  -.050 .11 1.0  -.423 .33 1.0 
ORF-Rus - - -  -.053 .16 1.0  .934 .40 .300 
ORF-Eng - - -  .065 .12 1.0  -.397 .35 1.0 
  Vocabulary size  - - -  .840 .28 .047  -.025 .20 1.0 
Random Effects 
τ00, participant .19  1.51  1.14 
τ00, sentence .93  .18  .50 






In sum, our results indicate that all three groups were sensitive to the context constraint 
manipulation, although both HSs and L2 learners did not predict at the same rate as 
monolinguals in the predictable condition. Importantly, two bilingual groups also differed 
between each other: HSs produced higher cloze probabilities than L2 counterparts both in highly 
and low constraining contexts. Therefore, although we cannot confirm our predictions about 
similarities between native speakers and HSs in lexical prediction, we can conclude that HSs 
performed ‘better’ than L2 learners. Therefore, at least at the lexical prediction level, we suggest 
that HSs outperform L2 learners. Notably, the findings indicate that such an advantage is 
contingent on the vocabulary size of a HS but, interestingly, not on their proficiency level (as 
defined through ORF-Rus task in this study).  
 
4.3. Experiment 2 
An eye-tracking Experiment 2 was designed to assess morphosyntactic prediction among the 
same three groups of readers. Specifically, we explored the ability of HSs,  L2 learners, and 
monolingual speakers (baseline) to predict the inflectional morphology of the upcoming target 
noun (NOUN) based on the gender of the modifying adjective (ADJ). We expect that L2 learners 
and HSs will show sensitivity to morphosyntactic violations in sentences with phonologically 
transparent nouns, especially in the case when the target’s gender as masculine (i.e., ‘default’ 
form). With respect to opaque pairs, HSs are expected to show smaller sensitivity to agreement 
violations compared to L2s due to the previously reported difficulties with gender assignment in 







Participants. All bilingual readers from Experiment 1 participated in Experiment 2 (31 
HSs and 32 L2 learners). We additionally collected eye-tracking data from 43 monolingual 
adults (15 men, MAge = 24.4, range 18–44), who did not participate in Experiment 1. 
Monolingual speakers were recruited from the university in Moscow (Russia) and an urban 
university in New York City (immigrated less than 3 years before the data collection date).  
 
Materials. The materials for the eye-tracking task included 32 experimental sentences 
(plus 33 filler sentences from the child version of BiRSC, Parshina et al., 2020), involving 
gender agreement between a noun and a modifying adjective. The experiment employed a 2 x 2 
x 2 within-subject design manipulating noun’s gender (MASC, FEM), phonological transparency 
(transparent vs. opaque), and grammaticality (grammatical vs. ungrammatical), with 4 sentences 
per condition (2). All experimental sentences consist of 11 words, organized in such a way that 
the adjective is always the 4th word in the sentence, the target noun is on the 8th position and 
there is a prepositional phrase between modifying adjectives and the target nouns to avoid 
parafoveal preview of the target. All adjectives were high-frequent words (> 50 ipm) and all 
target nouns are either high-frequent words (Mfreq= 172.0 ipm) (Lyashevskaya & Sharov, 2009) 
or are cognates in English (e.g., гитара [gitara] “guitar”).  
 
(2) Grammatical, MASC, Transparent:       
 В   углу    стоит черный       с тонким экраном телевизор.   Хочешь его посмотреть? 
In   corner  stays   blackMASC  with  thin     screen   televisionMASC . Want   it   watch? 





Ungrammatical, MASC, Transparent:       
 В   углу    стоит черная      с тонким экраном телевизор.   Хочешь его посмотреть? 
In   corner    stays   blackFEM  with  thin     screen    televisionMASC . Want it   watch? 
‘There is a black TV with thin screen in the corner. Do you want to watch it?’ 
 
The measures of interest include early and late reading time measures (first fixation durations 
(FFD) and total time reading (TT) per word), word skipping probability, fixation count, and the 
number of times the word was read (run count) on the adjective and target noun. For the 
modifying adjective, we also included regression in probability (Rin i.e., whether readers 
returned to the adjective after reading words to the right of it) and for the target noun we 
calculated the regression out probability (Rout i.e., whether readers produced regression from the 
target noun to re-read the words to the left of it).  
 
Procedure. Eye movements were recorded via Eyelink 1000+ eye tracker (SR Research, 
Ltd.) on the BenQ XL2411Z 144Hz monitor (resolution: 1920 x 1080 pix) controlled by a 
ThinkStation computer. Only the right eye was tracked, at 1000 Hz rate. Before the start, all 
participants’ eye gaze was calibrated with a 9-point calibration procedure that was repeated after 
every 15 sentences. Each trial started with the drift correction at the position of the first letter in 
the sentence presented for 500 ms. After reading the sentence, participants were instructed to 
look at the red dot at the lower right-hand corner of the screen. When the fixation was identified 
by eye-tracker at that location, participants were presented with the multiple-choice question. 





All sentences appeared on the screen individually against a light grey background. 
Sentences were presented in pseudo-randomized order and distributed over 2 Blocks with 33 
sentences each so that participants never saw the matched sentences from grammatical and 
ungrammatical conditions within the same Block. Participants took a 5-minute break between the 
Blocks.   
4.3.2. Results and Discussion. 
For all analyses, only sentences with correct answers to the comprehension questions 
were analyzed (monolingual adults: Maccuracy = 95%;  HSs: Maccuracy = 91%; L2 learners: Maccuracy 
= 86%). Fixations and saccades were extracted from eye-movement data following the algorithm 
from the Data Viewer package (SR Research, Ltd.), all fixations shorter than 100 ms were 
removed from the data. Table 4.3 presents means and standard deviations for the dependent 
measures for the two groups of bilingual readers and monolingual Russian adults in grammatical 











Table 4.3. Descriptive characteristics of eye movements for grammatical and ungrammatical conditions in three groups of readers 
(SD in parentheses).  
 Monolinguals  HSs  L2 learners 
 Grammatical Ungrammatical  Grammatical Ungrammatical  Grammatical Ungrammatical 





















































%Skip 14 (16) 21 (17) 12 (12) 18 (18)  3 (4) 3 (7) 3 (4) 6 (7)  4 (6) 5 (9) 4 (8) 6 (9) 
%Rin/out 24 (20) 29 (26) 28 (24) 41 (24)  36 (20) 37 (21) 38 (20) 42 (19)  34 (26) 45 (23) 34 (17) 43 (23) 
#Fix. 1.7(.71) 1.2(.56) 2.0(.93) 1.4(.67)  4.1(1.9) 3.4(1.4) 4.4(1.8) 3.4(1.5)  3.4(1.5) 3.1(1.3) 3.4(1.3) 3.0(1.1) 








To investigate the effects of grammaticality, phonological transparency and gender 
within each group, we fitted series of linear (or logit for binary outcomes) mixed effect models 
separately for modifying adjectives and target nouns and for each of the dependent eye-
movement measure. In addition to grammaticality, phonological transparency, and gender we 
added word length (scaled and centered), word frequency (log-transformed) and Block number 
as fixed factors. Random factors included sentences and participants for all models. All 
continuous dependent measures were log-transformed to reduce the skewness of the distribution. 
Reported p-values were corrected for multiple comparisons.  
 The results of all (g)LMMs for the modifying adjective and the target noun in all groups 
are presented in Tables C1-C6 in Appendix. In general, in respect to the target noun, we found 
that monolingual readers were sensitive to grammaticality condition in all eye-movement 
measures (all ps<.014) with an exception of first fixation duration and skipping probability.  
Specifically, in ungrammatical condition monolinguals re-read the noun multiple times, fixated it 
more and for longer times and produced more regressions to the previous words compared to the 
grammatical condition. For the modifying adjective, only fixation count was affected by the 
grammaticality condition (p=.032), wherein monolingual readers produced more fixations on the 
adjective when it did not agree in gender with the target noun. We did not find any interaction 
effects among grammaticality and transparency of the gender of the noun present so we removed 
them from the final set of models. 
 HSs and L2 learners did not notice grammatical errors in sentences either when reading 
the modifying adjective or the target noun evident through the absence of the grammaticality 
effect on any of the eye-movement measures. In addition, we asked all participants after the 





incorrect. All of the monolingual participants and none of the bilingual readers (with an 
exception of one Heritage Speaker) responded positively. 
In both bilingual groups, phonologically opaque target nouns elicited longer total reading 
times (TT) and in HSs more fixation counts on the noun. Masculine target nouns also increased 
the time HSs fixated the modifying adjective (TT). There were no interactions except one 
between phonological transparency and gender of the target noun in L2 learners: They re-read 
the adjective multiple times, but only when the target noun was feminine and phonologically 
opaque. In all three groups of readers, Block 2 elicited faster reading times, fewer fixations, 
lower likelihood of regressions, and fewer re-readings of the words compared to Block 1.  
 To summarize: As expected, monolingual participants were sensitive to the 
grammaticality manipulation as the stimuli with morphosyntactic violations elicited longer and 
more fixations, leftward regressions from the target noun to the modifying adjective, and 
multiple re-readings of the whole sentence (cf. Figure 4.2A–4.2B). However, we did not confirm 
our predictions that L2 learners would show an advantage in morphosyntactic prediction over 
HSs due to the formal instruction they received in Russian language classroom. In fact, both 
bilingual groups produced very similar reading patterns in grammatical and ungrammatical 
conditions (Figure 4.2C–4.2F): long reading times, multiple leftward regressions, sentence re-
readings, very few instances of word skipping. Thus, these reading strategies do not show 
sensitivity to encountering ungrammatical constructions. Rather, they reflect the general 
difficulties with word recognition and information integration in reading in the non-dominant 
language (for similar conclusions see Parshina et al., 2020, and the conclusion that HSs and L2 
learners rely on the ‘beginner’ reading strategy in Parshina et al., submitted). Curiously, opaque 





learners which might suggest that the lexical access to these nouns is hampered, possibly due to 
the word recognition failure or delay with gender assignment process (hence, the interaction 
effect in L2 learners).   
 
Figure 4.2. Samples of eye-movement reading patterns for 3 participants in grammatical (left 
panels)  and ungrammatical (right panels) conditions for the sentence in Example (2). Green line 
represents the onset of the modifying adjective, red line represents the onset of the target noun.  
 
4.4. General discussion 
In this study, we compared lexical (Experiment 1) and morphosyntactic (Experiment 2) 
prediction abilities among three groups of readers: monolingual Russian readers (baseline), HSs, 





predicted lexical items with significantly higher accuracy than L2 learners, although they did not 
show the same prediction rates as monolingual counterparts. With respect to morphosyntactic 
prediction, we did not find any evidence that our bilingual groups were able to anticipate the 
gender of the noun based on the preceding modifying adjective. In what follows, we separately 
discuss the findings from the two Experiments.  
4.4.1. Lexical prediction  
In Experiment 1, the cloze test, we manipulated the constraint of the context (highly 
constraining vs. low constraining), length and part of speech of the target words to assess lexical 
predictability among monolingual readers, HSs, and L2 learners. Based on the recently proposed 
prediction-by-production model (Pickering & Gambi, 2018), we hypothesized that HSs would 
show an advantage over L2 learners at the lexical level of prediction due to their early exposure 
to the non-dominant language and greater command of the spoken language. Indeed, all our 
participants were sensitive to the constraints of the context, but more importantly, in the highly 
constraining context, the cloze probability of HSs reached 0.56 in comparison to 0.43 in L2 
learners, although it was significantly lower than in monolingual readers (0.81). 
According to the prediction-by-production model, when time and cognitive resources 
allow, in the second stage of prediction, comprehenders use their production implementers to 
anticipate lexical items. Specifically, the comprehender first activates the conceptual 
representation (1st stage)  via spreading activation (Collins & Loftus, 1975), which then is 
transferred to the production system (2nd stage), and there it receives its semantic and 
morphosyntactic features. Thus, the second stage in prediction is identical to the language 
production process, with only one difference that the comprehender does not overtly produce the 





predicts that all comprehenders with sufficient language proficiency and production abilities 
should be able to pass the prediction-by-association stage and reach the prediction-by-production 
phase by anticipating lemmas and/or morphosyntax of the upcoming item. Otherwise, 
comprehenders either do not predict at all or stop at the prediction-by-association phase (i.e., pre-
activate all target-related concepts). 
We suggest that our results confirm the predictions of the model. Although HSs did not 
predict the target words in the same manner as monolinguals (cf. Martin et al., 2013), they still 
were able to provide the lexical item and its expected wordform in the majority of the sentences 
with the highly constraining context, i.e., they showed full lexical prediction (in fact, in 11 out of 
24 predictable sentences, the cloze probability of HSs were equal or higher than 0.67). L2 
learners, on the other hand, experienced difficulties in cloze test in general: They often replied ‘I 
don’t know’ or provided non-existing words as answers (both marked as incorrect).  
We noticed, however, an interesting pattern of results concerning L2 learners and the 
prediction-by-production model. In highly constraining contexts, instead of the expected item, 
L2 learners often supplied a semantically related item (comprising 30% of all incorrect 
responses). For example, instead of the Russian word muzh (‘husband’) or strashnuye (‘scary’), 
L2 learners would produce paren’ (‘boyfriend’) or uzhasnuye (‘horrifying’). Furthermore, in 
some cases, the related item was syntactically implausible (e.g., instead of the target verb spat’ 
‘sleep
INF
’,  the answer was the noun utro ‘morning’). It is possible, therefore, that as predicted by 
the model for low-proficiency non-native speakers, L2 learners engaged in lexical prediction, but 
stopped at the prediction-by-association stage. As a result, they simply produced an associated 





(activation due to due to familiarity, frequency, dominant language transfer, etc.) (Gollan et al., 
2008; Smith & Levy, 2011). 
Among individual difference factors (age of arrival, exposure to Russian) and pre-test 
assessments (oral reading fluency in Russian as a proxy for proficiency, oral reading fluency in 
English, self-estimated comprehension scores, decoding skills in Russian and English, 
vocabulary size) that we included as predictors of lexical prediction in bilinguals, only 
vocabulary size in HSs affected the cloze probabilities with greater vocabulary knowledge 
leading to higher cloze probabilities. It is an interesting finding considering that vocabulary size 
in L2 learners is numerically higher than in HSs in our study (Mwords =24,340 for HSs vs. Mwords 
=28,720 for L2 learners). So why was it not a significant predictor in L2 learners? Likely, the 
greater vocabulary knowledge alone does not aid lexical prediction. Although participants in our 
study could access the translation to all words in the stimuli, full lexical prediction also requires 
knowledge of semantic, syntactic, and sometimes stylistic constraints in which a specific lexical 
item operates (Luke & Christianson, 2016). For example, in our experiment HSs were more 
sensitive to the topicalization constraints of the word order in Russian (SVO vs. OVS) than L2 
learners, likely due to more frequent exposure to the sentences with non-canonical word order in 
speech compared to such exposure in textbooks in a classroom setting. 
Finally, we did not observe any effects of part of speech in any of the groups, but the 
length of the target word mattered, with longer words eliciting lower cloze probabilities both in 
HSs and L2 learners. These findings are somewhat surprising, as previous (and ours) research 
finds no interaction between word predictability and its length in monolingual speakers (e.g., 





bilingual language processing, the word length effect interferes with ease of lexical access even 
when the sentential context is highly constraining. 
4.4.2. Morphosyntactic prediction  
The purpose of the eye-tracking Experiment 2 was to further explore prediction abilities 
in bilingual readers by measuring their sensitivity to gender agreement violations online. 
Contrary to our expectations, we did not find the evidence that HSs or L2 learners can anticipate 
the gender of the head noun based on the gender marker of the modifying adjective that preceded 
the head noun. We will discuss these findings in terms of the failed functional features 
hypothesis (FFFH, Franceschina, 2005; Hawkins & Franceschina, 2004) in L2 processing and 
dominant language transfer and attrition theory in HL processing (Scontras et al., 2015; 
Polinsky, 2018). 
To begin with, we observed an effect of grammaticality in our control group, 
monolingual participants, evident in several eye-movement measures: total time reading, fixation 
count, run count, and regression probability. These eye-movement measures are typically 
described as late measures (as opposed to early measures of first fixation duration, gaze duration 
and skipping probability) and they are assumed to reflect post-lexical processing (i.e., reanalysis 
and recovery from difficulties in morphosyntactic processing or semantic integration, Boston et 
al., 2008; Roberts & Siyanova-Chanturia, 2013). As can be seen from the sample of gaze 
trajectories in Figure 4.2A–4.2B, monolingual speakers indeed spent more time reading the 
ungrammatical sentence. Furthermore, their reading strategy was to perform a selective 
reanalysis (Frazier & Rayner, 1982), i.e., ‘targeted repair’ of the problematic area by means of a 
regressive saccade to the gender-incongruent modifying adjective (or words preceding and 





a launch site for regression to the words on the left compared to 29% in the grammatical 
condition). In addition, after the targeted saccade, monolinguals often re-read the whole 
sentence, possibly to check that the repair was done successfully.  
We hypothesized that L2 learners in our study will be sensitive to gender agreement 
violations due to the explicit classroom instructions on gender agreement in Russian. However, 
this prediction was not confirmed. The finding that L2 learners do not detect morphosyntactic 
violations in reading, of course, is not novel (Dowens et al., 2010; Keating, 2009; Sabourin & 
Haverkort, 2003; Sabourin & Stowe, 2008), but they do, nevertheless, contradict some other 
reported results (Foote, 2011; Foucart & Frenck-Mestre, 2012;  Hopp, 2006; Lim & 
Christianson, 2014). Interestingly, there seems to be a common denominator in these opposing 
findings: L2 speakers often show morphosyntactic prediction in local domains (e.g., when the 
disagreeing adjective is immediately adjacent to the head noun), but fail to detect agreement 
errors when the violation spans beyond the local domain (as in our study). While some 
researchers appeal to working memory limitations in L2 processing (e.g., Foucart & Frenck-
Mestre, 2012; Keating, 2009), it is also likely that in local domains, L2 learners can parafoveally 
preview the upcoming word (Pickering & Gambi, 2018, for discussion). In this scenario, positive 
results in these studies reflect the process of information integration rather than prediction.  
According to the failed functional features hypothesis (Franceschina, 2005; Hawkins & 
Franceschina, 2004), bilinguals that acquired L2 beyond the critical period, regardless of their 
proficiency levels, are not able to acquire abstract grammatical features if they are not overtly 
present in their L1 (see Hartshorne et al., 2018 for a discussion on the age of the critical period 
hypothesis). Specifically, while bilinguals can still ‘memorize’ the grammatical gender of the 





monolingual language processing is not active. In other words, morphosyntactic prediction as 
assessed through agreement processing does not occur in L2 language processing when 
grammatical gender is absent in the dominant language (e.g., a three-gender system in Russian 
vs. no gender in English, except for pronouns).  
This theory leads to interesting predictions concerning the anticipation of 
morphosyntactic information in HLs. According to the failed functional features hypothesis (or 
technically any other account that argues that L1 representations are fundamentally different 
from L2 representations, e.g.,  DeKeyser, 2003; Paradis, 2004; Ullman, 2001), HSs should be 
able to detect gender agreement violations in Russian since it is present in their HL (i.e., the 
language acquired before the puberty). It was not the case in our study even in the condition 
where the target noun had a salient gender marker as in phonologically transparent target noun) 
(see Montrul et al., 2008; Polinsky, 2008, for discussion).  
Our predictions about HSs were initially based on the dominant language transfer theory 
in HL (Scontras et al., 2015; Polinsky, 2018). The theory holds that under the influence of the 
dominant language, the HL is undergoing restructuring and often ‘simplifies’ more complex 
systems of the HL (e.g., a three-gender system, declensional paradigms in Russian) to match the 
one in dominant (e.g., no gender system, no declensions in English). This theory, therefore, will 
predict that HSs, similar to L2 learners, might experience difficulties in gender agreement 
process, although straightforward formal cues in the form of transparent gender markers on the 
words should aid the process. In this study, however, we did not find the evidence for such 
facilitation.  
Another possible explanation for our results comes from the attrition theory of HL 





full grammatical system of the HL, but later at some point, part of this knowledge is lost. Thus, 
the reason for the lack of morphosyntactic prediction in HL is the following: Since English does 
not have gender agreement, HSs lose the checking agreement feature in their underlying 
grammatical representations and thus perform on par with L2 learners who never acquired it in 
the first place (Montrul et al., 2008, for similar results in Heritage Spanish). However, such 
explanation does not account for some recent experimental findings suggesting that children 
Heritage Speakers already show divergences (delays in the acquisition and quantitative 
differences in errors) from their monolingual peers who perform at ceiling on gender agreement 
tasks (Rodina et al., 2020;  Rodina & Westergaard, 2017; Schwartz et al., 2015) 
Possibly, the explanation lays in the combination of the dominant language transfer and 
good-enough parsing accounts (Ferreira et al., 2002). First, due to the absence of gender 
agreement in the dominant English, Heritage Speakers and L2 learners do not automatically 
perform the agreement check the way monolingual readers do, i.e., they do not ‘expect’ the noun 
to be matched in gender with the adjective. There is also a possible explanation why bilingual 
readers are not sensitive to gender mismatches even in the presence of the ‘transparent’ 
morphosyntactic cues. We suggest that in written language comprehension, bilinguals allocate 
processing resources mostly towards lexical retrieval (Gor, 2014, Parshina et al., 2020), relying 
primarily on lexical-semantic information in the naturalistic reading. Such behavior leads to the 
reading strategy in which bilinguals fixate the word closer to its beginning and ignore affixes at 
the end which in Russian carry the information about gender, case and plurality. In other words, 
when HSs are not expected to actively produce lexical items (as in a cloze test), all their 
cognitive resources are focused on the lexical access (i.e., word recognition). This hypothesis is 





the number one predictor of the sentence comprehension in reading (e.g., Gollan et al., 2008; 
Van Dyke et al., 2014; Perfetti, 2007). Furthermore, this explanation is again compatible with the 
prediction-by-production theory (Pickering & Gambi, 2018). As the production phase of 
prediction is optional, when HSs read, they ‘choose’ to stop at the prediction-by-association 
phase because this type of prediction saves time and cognitive resources, although it can be 
costly for accuracy of comprehension. Possibly, L2 learners never reach the production phase in 
any ‘natural reading’ task. 
To summarize, the results of this study indicate that the predictive abilities of bilinguals 
vary for different linguistic domains and language backgrounds. First, we found that HSs of 
Russian show full lexical prediction in highly constraining contexts more often than L2 learners 
and that the accuracy of their prediction is dependent on the speaker’s vocabulary size. We 
interpreted the results of lexical prediction through the prediction-by-production model of 
Pickering and Gambi (2018), according to which HSs have an advantage over L2 learners due to 
the increased exposure to HL and overall better command of the spoken language. Second, 
morphosyntactic prediction was absent in both groups of bilinguals. We suggested that for both 
groups, the priority in reading for written comprehension is on word recognition rather than on 






CHAPTER 5. DISCUSSION AND CONCLUSIONS 
 
The three empirical chapters in this thesis, to the best of our knowledge, present the first 
systematic investigation of reading abilities in Russian as a Heritage Language and L2. The 
following sections will briefly review the findings of the empirical work and their implications 
for theories of HL and L2 processing. In the last section, we will discuss the broad implications 
of the findings and further directions of research.  
5.1  Summary of findings in empirical chapters 
Chapter 2 establishes the baseline reading abilities in two bilingual groups. Specifically, in the 
eye-tracking study we compared basic benchmarks of eye movements during reading by high- 
and low-proficiency HSs and L2 learners of Russian to monolingual adult and 8-year-old 
readers. We started with the prediction that our high-proficiency HSs would read similarly to 
monolingual adults due to their increased exposure to Russian and overall better command of 
spoken Russian compared to low-proficiency HSs or L2 learners. Somewhat surprisingly, we did 
not confirm this hypothesis: Eye-movements of HSs revealed longer reading times, lower 
skipping probabilities, and higher regressive saccade rates than in monolingual adults. We 
concluded that eye-movement benchmarks of high-proficiency HSs characterize them as 
bilingual readers with child-like eye-movement characteristics in sentence reading. Low-
proficiency HSs, on the other hand, were less similar to children (longer gaze duration and total 
reading times, more fixation counts, and lower skipping probability), but they produced the same 
eye-movement characteristics as L2 learners in our study. Thus, the low-proficiency HSs group 





 In Chapter 3, we used a novel in bilingual research scanpath method to investigate 
reading strategies on a global sentential level in the same groups of readers as in Chapter 2 (with 
newly collected data for children, monolinguals, and some HSs). Specifically, we established 
that these groups of readers employ three qualitatively different reading strategies for sentence 
comprehension. To begin with, through cluster analysis of reading patterns, we found that 
monolingual participants use the fluent reading strategy: They read sentences at a fast speed and 
in a left-to-right direction while skipping words and rarely re-reading the ones that were fixated. 
High-proficiency HSs and children rely on the intermediate reading strategy that includes longer 
reading times, less skipping, and, importantly, higher rates of word re-reading. Finally, L2 
learners and low-proficiency HSs choose to read simple sentences in Russian by using the 
beginner reading strategy, the most prominent characteristic of which (besides longest reading 
times and lowest skipping probability) was multiple re-readings of the words and entire 
sentences. Overall, we can see that the results of reading at a sentence level in this chapter align 
with basic word-level eye-movement characteristics in Chapter 2.  
 Finally, in Chapter 4, we investigated whether, similar to monolinguals, HSs and L2 
learners use lexical and/or morphosyntactic prediction to facilitate sentence comprehension in 
reading. First, using the cloze test, we established that, indeed, HSs predicted the target lexical 
item when the context of the sentence is highly constraining. Although HSs’ lexical prediction 
was not as strong as in the monolingual counterparts, it was still significantly higher compared to 
L2 learners. Importantly, the proficiency did not turn out to be a factor that affects the accuracy 
of lexical prediction; the size of vocabulary in Russian was. Second, contrary to our predictions, 





learners could predict gender of the upcoming head noun based on the gender marker on the 
modifying adjective, regardless of transparency of gender markers.  
 To summarize, based on the results of the three empirical studies presented in this thesis 
we established that: 
1) HSs of Russian differ from adult monolingual speakers in all basic word-level eye-
movement characteristics in reading as well as sentence-level reading strategies and the 
ability to use prediction for sentence comprehension; 
2) High proficiency in HL results in characteristics of reading patterns that are quantitatively 
and qualitatively similar to 8-year-old monolingual children; 
3) Low proficiency in HL results in characteristics of reading patterns that are quantitatively 
and qualitatively similar to unbalanced L2 learners; 
4) Unlike L2 learners, HSs are able to use lexical prediction in reading to some extent, with 
greater vocabulary knowledge in HL predicting higher accuracies in expectations of 
upcoming lexical items; 
5) Unlike monolingual speakers, HSs and L2 learners do not anticipate morphosyntactic 
information in the form of gender agreement in upcoming items while reading; 
6) In general, the HL status of language acquisition does not aid acquisition of literacy 
skills. The proficiency, however, determines the location of HSs on a continuum of 
reading abilities where low-end suggests L2-like reading fluency, mid-point describes 
child-like reading fluency, and the end-point represents the reading fluency of a 






Figure 5.1. Conceptual representation of reading fluency continuum by groups of readers. 
 
5.2. Evaluation of results in relation to theoretical accounts of HL acquisition 
We suggest that in reading in a Heritage Language, proficiency determines the outcome of 
lexical and grammatical processing. For high-proficiency HSs, divergent attainment theory of 
HL acquisition (Scontras et al., 2015) provides the most comprehensive explanation of the 
general pattern of results obtained in the three studies. For low-proficiency HSs, it is the 
combination of dominant language transfer and attrition theories. In what follows, we discuss 
the results considering these three theories.  
Remember that the divergent attainment theory (Scontras et al., 2015) holds that, due to 
the switch to the majority language, the development of language abilities in HL stops around the 
time of that switch. Since in most cases this switch happens around the time the child is enrolled 
in school (i.e., 6–8 years), it follows that language skills of an adult HSs should resemble those 
of school-age monolingual children. Indeed, in our investigation of eye-movement basic 
characteristics and reading strategies we see that high-proficiency HSs performed on par with 





(in early measures) and fixation counts. Both groups land initial saccades at the beginning of the 
words (vs. center for optimal word recognition) and skip or return to the words at similar rates. 
On a sentence-level, both high-proficiency HSs and children follow the same reading strategy for 
comprehension: They produce a lot of short leftward saccades to re-read the words multiple 
times, but generally avoid skipping or re-reading the entire sentence. 
 Taken together, these results indicate that high-proficiency HSs and children experience 
local processing difficulties, such as insufficient decoding skills (e.g., grapheme-to-phoneme 
conversion) or reduced lexical access (i.e., word recognition failure). The first problem is likely 
to stem from the lack of experience of both groups with written materials (remember, HSs 
acquire HL primarily in auditory modality). The second ‘roadblock’ is a result of either 1) 
unfamiliarity with the word (more likely in children) or 2) weaker links between the word form 
and its lexicon representation (the weaker links hypothesis, Gollan et al., 2008) which result in 
delayed lexical retrieval (more likely in HSs). As we established in Chapter 3, these difficulties 
are resolved by using ‘careful’ intermediate reading strategy which includes multiple word re-
readings and a reduced amount of word skipping.  
 So, what is it about high-proficiency HSs and not low-proficiency HSs that makes their 
reading abilities similar to children? We suggest that the main factors here are the age of 
immigration to the USA and (self-reported) age of reading start in Russian, which as we 
established in Chapter 2 are strongly correlated with the proficiency test we used in the studies. 
Specifically, the later HSs moved to another country and the earlier they started to read in the 
HL, the higher their proficiency was. Taking a closer look at the demographic data for the study 
in Chapter 2 (Table 2.2), on average, high-proficiency HSs immigrated to the USA at the age of 





HL at around 4.5 years old (vs. age of 10 for low-proficiency HSs and 18 for L2 learners) which 
corresponds to the average age when monolingual children in Russia are introduced to reading 
materials. Hence, it is possible, that the start of literacy acquisition in the monolingual 
environment is a necessary factor for the development of reading fluency in future and is a 
predictor of proficiency level in HL in general. The switch to the majority language a couple 
years after the immigration (approximately at the age of 5–8), as the divergent attainment theory 
suggests, ‘freezes’ the reading fluency development at the stage of the monolingual children of 
the corresponding age range. Turning now to the low-proficiency HSs, we found that their word-
level basic eye-movement characteristics and sentence-level reading strategies were more similar 
to L2 learners than to children. Both groups of readers produced long reading times, low rates of 
word skipping but high rates of regressions. At a sentence-level, low-proficiency HSs and L2 
learners rely on the beginner reading strategy that includes all of the characteristics of the 
intermediate strategy but also suggests the tendency to re-read big portions of sentences or entire 
sentences multiple times. The combination of such characteristics and reading patterns indicate 
that in addition to the same local processing difficulties (decoding and word recognition) of high-
proficiency HSs and children, L2 learners and low-proficiency HSs also struggle with global 
syntactic and semantic integration (hence, sentence re-readings).   
What might cause this similarity in the reading behavior of low-proficiency HSs to L2 
learners? One possible answer is in the dominant language transfer theory (Scontras et al., 
2015). The theory implies the influence of the dominant language on the non-dominant language 
in general and the transfer of L1 reading abilities to L2 in particular (the interdependence 





implication: Reading assessments in English (oral reading fluency and word identification) did 
not predict any of the measures in the studies.  
There are, of course, other possible effects of the dominant language transfer ‘at the 
deeper level’, that we did not investigate. There is a possibility that some of the lexical items in 
English were interfering with lexical access of the items in Russian causing the slowdown in 
reading times, multiple fixations, and re-readings. Furthermore, many of the sentences in corpus-
reading tasks contained sentences with other word orders than canonical English SVO. 
Therefore, in case of transfer, the ‘trained’ English parser would assign incorrect syntactic and 
thematic roles to the lexical items in Russian causing misinterpretations and, as a remedy, 
multiple sentence re-readings. Based on the general pattern of results in Chapters 2 and 3, we 
hypothesize that low-proficiency HSs and L2 learners can be more susceptible to the dominant 
language transfer than high-proficiency HSs who are able to inhibit the interference as they 
receive more HL exposure (i.e., they are more ‘trained’ in the HL).  
Another possible explanation for similarities between low-proficiency HSs and L2 
learners stems from the attrition theory of HL acquisition. According to this theory, HSs lose 
some of the linguistic skills they once acquired due to the heritage switch. What that means for 
our discussion, is that low-proficiency HSs were once more like high-proficiency HSs or 
children in reading fluency, but these abilities were lost during the course of HL development 
and they ‘moved back’ on the continuum closer to L2 learners. While intuitively this might seem 
like a rather unlikely scenario, we can’t entirely eliminate this hypothesis as we established that 
in some eye-movement measures children outperformed low-proficiency HSs. Furthermore, we 
observed that children rely on a more advanced reading strategy (intermediate vs. beginner). 





the age of reading start) in terms of reading skills in HL we would argue that these skills were 
more likely never acquired than lost. In other words, when it comes to literacy acquisition, low-
proficiency HSs are ‘in the same boat’ as L2 learners, despite the early exposure to the spoken 
language: They struggle with differences in orthography between languages and are subject to 
interference due to dominant language transfer. 
5.3. Is prediction a component of reading fluency in HL and L2? 
In monolingual speakers, prediction in language is viewed as the essential process of language 
comprehension that happens automatically and at all linguistic levels (Pickering & Gambi, 2018, 
but see Luke & Christianson, 2016). The consensus is that prediction, when correct, facilitates 
language processing, i.e., it supports faster lexical access and more efficient syntactic processing 
(Kutas et al., 2011). In the study in Chapter 4, we asked whether HSs and L2 learners also 
engage in prediction during reading.  
 As results showed, in a cloze test that accesses lexical prediction, both HSs and L2 
learners were sensitive to the context manipulation, but HSs were more accurate in their 
expectations. Notably, vocabulary knowledge but not proficiency was a significant predictor of 
cloze probabilities for HSs. We interpreted the findings as the evidence that HSs (especially 
those with greater vocabulary size) are able to form rather accurate expectations about upcoming 
specific lexical items: They integrate semantic and syntactic information from the sentence, and 
successfully run it through the production system (i.e., they are engaged in prediction-by-
production; Pickering & Gambi, 2018). 
 L2 learners, on the other hand, based on the answers they provided in a cloze test, are 
able to predict only some semantic features of the upcoming word (i.e., they are engaged in 





HL includes prediction of the upcoming specific lexical item, at least when the prior context is 
semantically highly constraining. In this sense, HSs have an advantage over L2 learners. The 
factors that lead to such an advantage, however, need to be further investigated: Apart from 
receptive vocabulary, we hypothesize that according to prediction-by-production account, the 
proficiency in production skills in HL (e.g., verbal fluency) might play a role in forming the 
lexical prediction ability.    
Monolingual speakers, as shown by previous studies, also actively predict 
morphosyntactic information (i.e., separately from lemma prediction) (e.g., DeLong et al., 2018; 
Van Berkum et al., 2005; Wicha et al., 2004). In Experiment 2 in an eye-tracking reading task, 
we explored whether the same is true for HSs and L2 learners of Russian. Our expectations were 
based on the dominant language transfer theory (Scontras et al., 2015). Specifically, Polinsky 
(2008) argues that HSs of Russian restructure the HL grammatical system under the influence of 
dominant language and decreased amount of input in HL. They assign gender to the nouns based 
exclusively on their overt morphological markers (if the noun in the nominative case ends in /a/, 
it is feminine, if it ends in a consonant, including palatalized ones, it is masculine). Thus, we 
expected that HSs will be sensitive to the violations in gender agreement when the 
morphological marker was clear (i.e., phonologically transparent), but might not notice the errors 
when nouns were phonologically opaque. For our dependent eye-tracking measures, that means 
that in the incongruent (i.e., ungrammatical) condition with transparent nouns, HSs would fixate 
these adjectives and nouns more, read them multiple times, and regress to these ‘problematic’ 
areas more. We expected L2 learners to be sensitive to violations in all conditions on the basis of 





Neither HSs nor L2 learners were sensitive to morphosyntactic violations even in the 
transparent marker condition (after the experiment participants in both groups expressed their 
surprise that they didn’t notice the ‘obvious’, and, in case of L2 learners, their disappointment 
with their learning success in school). The more ‘radical’ approach is to adopt the HL attrition 
theory (Montrul, 2008; Scontras et al., 2015) in respect to HSs, and the failed functional features 
hypothesis (Franceschina, 2005) to L2 learners. Within the attrition account, HSs were not able 
to predict morphosyntax because they lost the agreement checking feature in their underlying 
grammatical representations. The failed functional features hypothesis, in its turn, holds that L2 
learners never acquired the feature checking mechanism due to the absence of it in the dominant 
language. There is evidence, however, that HSs produce sentences with the agreement in it 
(Polinsky, 2018) and L2 learners are able to detect the violations but with the time delay (e.g., 
Foucart & Frenck-Mestre, 2012). 
We propose a more ‘liberal’ explanation that includes the combination of dominant 
language transfer (Scontras et al., 2015) and good-enough parsing accounts (Ferreira et al., 
2002). Both L2 learners and HSs in lieu of 1) absence of gender agreement in English and 2) 
increased cognitive load in reading in weaker Russian allocate most of the attention to lexical 
retrieval, underusing morphosyntactic cues. In addition, the transfer of reading strategy from 
dominant English also likely to play a role: English carries very little information at the end of 
the words due to its sparse inflectional morphology. As a result, sentences with congruent and 
incongruent gender markers are accepted as grammatical. Interestingly, this explanation is 
supported by the finding in Chapter 2 that L2 learners and HSs tend to first fixate the word closer 
to its beginning (left-shifted initial saccade landing position), likely due to the difficulties in 





located at the end of the word, and thus, it is possible that HSs and L2 learners rarely attend to 
them during reading.  
Taken together, our results suggest that prediction has only a weak effect on the reading 
fluency in HL and L2. The fact that HSs were more accurate on the cloze test than L2 learners 
suggests that early exposure to HL (and, consequently increased exposure) benefits the 
development of lexical prediction abilities. However, we cannot conclude that such prediction 
always occurs in HL during reading. In fact, truly highly constraining contexts are extremely rare 
in natural language (Luke & Christianson, 2016). The ability to anticipate morphosyntactic 
information, on the other hand, would be beneficial in comprehension regardless of the context, 
especially in languages with rich morphology such as Russian. We established, however, that 
HSs and L2 learners in our study were not successful in such a form of prediction. 
5.4. Limitations and open questions 
The greatest challenge when dealing with the investigation of language abilities in any HL is the 
heterogeneity of the group. The considerable variation among HSs in all linguistic levels makes 
it difficult to provide any generalizations concerning their linguistic ‘profiles’. As a result, the 
variability also prevents researchers from making any decisive conclusions from theoretical 
perspectives. Reading fluency is not an exception in this respect. We recruited many HSs who 
wanted to participate in the studies but, as pre-tests showed, could not even read Russian words 
in a syllable-based manner. Or, vice versa, they could read at an extremely fast rate, without 
making any pronunciation errors, but were unable to answer any comprehension questions about 
the content of the materials (remember that Russian orthography is shallow, thus correct reading 





understood the text virtually in the way that is indistinguishable from adult monolingual 
speakers.  
 As we showed in this thesis, there are numerous factors among individual differences that 
are likely to be the reasons for such variability: age of arrival, daily exposure to the HL, age of 
reading start, receptive vocabulary size, daily reading exposure to HL, etc. All of these factors 
tend to correlate with the overall proficiency level in HL. However, as we mentioned before, 
there is no one-size-fit-all proficiency test designed for HSs. Hence, in many cases, researchers 
have to rely on useful, but not necessarily reliable and/or valid tools. The options are to adopt 
proficiency tests for L2 learners, assessments used for children, or treat information from the 
background questionnaires as a proficiency estimation. In this thesis, we chose to adopt the 
reading measures used for Russian children as a proficiency assessment. Such decision is based 
on the predictions of the divergent attainment theory (i.e., HSs have the linguistic skills of 
children of approximately the same age as the time of a ‘heritage switch’). In addition, we chose 
this group knowing that 2nd graders are the youngest group in Russian public schools that can 
read entire words and comprehend the reading material in a way that is closer to adult reading 
than to a complete beginner reading (e.g., syllable-based reading).  
 We do realize, of course, that such proficiency estimation is not an optimal solution. 
Specifically, while it covers the components that are necessary for reading fluency (such as 
decoding skills, speed and quality of reading, understanding the meaning of specific words of 
various length and frequency, as well syntax that might be different from English), it does not 
access speech production or listening skills. These are, however, essential components of 
language proficiency and might play a role in developing reading fluency the way they do in 





comprehensive proficiency test that can account for the variability in HSs and cover all four 
domains (speaking, listening, reading and writing) should be one of the primary goals of the 
future research in HLs.  
 Another related limitation of the studies in this thesis is the use of frequency and 
predictability of the words based on the frequency obtained from the corpora and monolingual 
speakers’ ratings. The uniqueness of the HSs as a group is determined by the unusual setting of 
the HL acquisition. On the one hand, they are similar to monolingual children who acquire the 
language from birth by exposure to the language of their caregivers.  On the other hand, this flow 
of acquisition is either accompanied by exposure to the other language from birth (in case HSs 
are born in the country of parents’ immigration) or is interrupted at the age of immigration. Thus, 
there are substantial differences in the frequency and the quality of input between HL and first 
language in monolingual children (Laleko, 2010; Polinsky, 2018). Accordingly, it is theoretically 
problematic to assume that HSs would show the sensitivity to word frequency in the same way as 
monolingual children or adults do (e.g., if these words are not as frequent in the HL as in 
‘monolingual’ baseline). The solution for this challenge is to create an analog to typical language 
corpora but based on the HL materials. Fortunately, the work on this has already started and 
future researchers can get more precise estimations for word frequencies both in a child-directed 
speech in HL (Bilingual Russian Child Speech corpus, Dubinina & Malamud, 2017) and adult 
HL output (Russian Learner Corpus, Rakhilina et al., 2016).  
 In terms of word predictability, the situation is similar: Words that are predictable in 
monolingual contexts are not necessarily predictable in HL. The alternative to using cloze 
probabilities from a monolingual norming study would be to conduct a norming study within 





possible due to time constraints and general challenges with the participant recruitment (for 
norming studies, bigger samples are preferable). However, we made every effort in reducing this 
“monolingual bias” in our materials by carefully controlling frequency of the words and giving 
bilingual participants an opportunity to access translations of the unfamiliar items.     
5.5. Broader implications and future directions 
To the best of our knowledge, the studies in this thesis taken together present the first systematic 
investigation of reading fluency in HSs of Russian in comparison to L2 learners and two 
monolingual groups (children and adults). Such comparison highlighted the difficulties that HSs 
and L2 learners experience in reading in their non-dominant language. We hope that in the future 
this work can serve as a resource for 1) designing better materials to teach reading in HL and L2;  
2) information for using appropriate written stimuli in experimental research with HSs; 3) further 
comprehensive studies on reading fluency and factors that affect it in HLs beyond Russian, and 
4) a platform for generating new research ideas to explore HL and L2 processing.  
In terms of (4), there are a lot of questions, of course, that remain open for future 
investigations. One of them, for example, concerns prediction-by-production theory (Pickering 
& Gambi, 2018) which (indirectly) suggests that bilinguals with better production skills might be 
more efficient at language prediction. Although we found some (albeit weak) evidence that HSs 
use lexical prediction, it would be beneficial to explore whether the effect is indeed due to the 
advantage of HSs over L2 learners in production skills. Thus, careful assessment of oral HL 
fluency, in combination with materials that use predictability from a norming study in HSs (vs. a 
monolingual norming study, see section 5.4), will provide some valuable data for theory 





We also can test predictions of the divergent attainment and attrition theories of HL 
development by investigating prediction abilities in reading among monolingual children and 
HSs with online methods (ERPs). The first question is whether young children can anticipate 
information in written language and second, if they do, whether this ability is more (or equally) 
developed in comparison to adult HSs. To further elaborate this idea, the research question 
would be whether prediction violations (semantic or morphosyntactic) would elicit the same ERP 
components in children and HSs of various proficiency levels.  
In terms of the scanpath investigation, it would be informative to explore the relationship 
between readers’ comprehension outcomes and the reading strategy. In our study, we only 
analyzed sentences with correct answers to the comprehension questions due to the overall high 
accuracy in all groups. Further investigation is needed, however, to establish whether the choice 
of a specific reading strategy results in the (in)correct interpretation of the sentence. 
Furthermore, if such a relationship exists, the question is whether it is the same or different 
among readers and among various groups of readers. 
Finally, we would like to point out another important implication of the findings in this 
thesis. In total, 80 Heritage Speakers of Russian were recruited to participate in the studies 
described in this work. All of these HSs expressed their desire to improve their reading abilities 
in Heritage Language and their disappointment that “parents did not push them enough to read in 
Russian”. Whether the last critical statement is true or not, it indicates the necessity for 1) 
longitudinal research that examines factors predicting reading fluency in HL throughout 
development, and 2) more efficient programs and materials that help parents of heritage children 








 Appendix A includes supplementary materials for Chapter 2: seven supplementary tables (A1-











Table A1. Results of independent t-tests between groups for biographical data, self-reported and objective proficiency measures in 










 t df p t df p t df p 
Age (y.o) -1.50 46 .426 -2.11 46 .120 -1.31 52 .609 
Age of Arrival to US (y.o) -1.91  37 .063 4.15 21 <.001 2.62 38 .042 
Age of Reading start in Russian (y.o) 4.78  34 <.001 -10.81 34 <.001 -4.69 52 <.001 
Daily Russian language exposure (%) 2.53  46 .045 7.18  23 <.001 4.45 32 <.001 
Daily reading exposure in Russian (min) .771  46 1.00 -.096 46 1.00 -1.04 52 1.00 
Self-reported proficiency measures in Russian (scale 1–5)          
Comprehension 3.41  46 .003 7.97  46 <.001 4.34  52 <.001 
Speaking 3.69  45 .003 7.47 46 <.001 3.29 52 .006 
Reading 5.13  46 <.001 5.30 46 <.001 1.38  45 .519 
Writing 4.61  46 <.001 4.13 46 <.001 -.695 52 1.00 
Reading objective assessments (scores)          
Word ID-Rus 5.11  30 .012 4.72 27 <.001 1.38  42 .516 
Word ID-Eng -1.87  46 .204 -2.88 46 .018 -.979  52 .996 
ORF-Rus 7.13  46 <.001 9.68  30 <.001 .858  40 1.00 
















Table A2. Comparison of basic characteristics of eye movements (i) time duration measures, (ii) probabilities of skipping or fixating 
the word, (iii) probability of regressions, saccade landing sites and number of fixations per word) in reading in Russian. Significant 

















Low-prof HS/  
L2 learners 
  t  df p t  df p t  df p t  df p t  df p t  df p t  df p 
i (ms) 
FF 3.8 20 <.001 5.7 26 <.001 2.3 46. .277 2.6 57 .106 0.3 63 1.00 0.0 46 1.00 2.6 52. .113 
SF 4.7 21 <.001 3.7 26 .011 1.1 37 1.00 2.6 57 .133 0.4 34 1.00 0.3 46 1.00 0.9 35 1.00 
GD 6.4 21 <.001 11.6 26 <.001 6.7 40 <.001 3.0 57 .046 3.7 63 .005 4.1 43 .002 2.7 52 .101 
TT 7.8 21 <.001 14.6 26 <.001 8.8 40 <.001 3.1 57 .030 5.7 63 <.001 5.8 37 <.001 1.6 52 1.00 
ii (%) 
P0 8.9 56 <.001 16.2 79 <.001 6.4 46 <.001 0.4 54 1.00 4.7 53 <.001 5.4 46 <.001 0.8 52 1.00 
P1 4.9 26 <.001 11.9 31 <.001 4.2 46 .001 1.3 57 1.00 3.0 63 .036 1.2 46 1.00 5.4 52 <.001 
P2+ 10.9 24 <.001 27.7 32 <.001 7.6 46 <.001 0.8 57 1.00 7.1 62 <.001 1.6 46 1.00 5.1 43 <.001 
iii (%) 
RO 3.0 27 .080 2.8 32 .080 0.2 46 1.00 0.7 57 1.00 0.3 38 1.00 3.6 43. .008 3.2 52 .026 
RG 3.93 26 <.001 3.3 32 <.001 0.1 46 1.00 4.2 57 .001 3.1 34 .034 0.8 46 1.00 0.9 52 1.00 
#Fixations 10.2 23 <.001 13.0 27 <.001 7.6 35 <.001 0.3 57 1.00 7.5 36 <.001 5.4 34 <.001 1.3 52 1.00 









Table A3.  Summary of LMMs for the duration measures for high-proficiency HSs. The cells with estimates in which there is a 
significant effect (Bonferroni correction applied) are in bold (at α-level .005). 
 Log FFD Log SFD Log GD Log TT 
 Est SE p Est SE p Est SE p Est SE p 
Fixed Effects             
(Intercept) 5.569 .06 <.001 5.633 .048 <.001 6.089 .062 <.001 6.778 .073 <.001 
Log frequency -.051 .01 <.001 -.042 .008 <.001 -.092 .008 <.001 -.156 .009 <.001 
Length scaled .106 .01 <.001 .029 .011 .050 .253 .010 <.001 .254 .012 <.001 
n+1 log frequency .011 .01 1.00 -.009 .007 1.00 -.013 .007 .630 -.040 .008 <.001 
n+1 length .020 .01 1.00 -.024 .010 .120 -.032 .010 <.001 -.057 .011 <.001 
n -1 log frequency -.013 .01 1.00 -.008 .007 1.00 -.019 .007 .054 -.047 .008 <.001 
n -1 length .000 .01 1.00 .023 .010 .180 -.003 .010 1.00 -.056 .011 <.001 
Saccade amplitude -.007 .00 .291 .003 .002 1.00 -.000 .002 1.00 .008 .002 <.001 
Sentence position .021 .04 1.00 .089 .029 .018 .042 .029 1.00 -.206 .032 <.001 
Landing .049 .03 1.00 .085 .017 <.001 -.011 .017 1.00 -.130 .017 <.001 
Random Effects 
            
σ2 .218 .161 .253 .248 
τ00, word .005 .007 .013 .024 
τ00, sentence .001 .001 .002 .015 
τ00, participants .048 .028 .061 .083 
Nword 716 750 763 763 
Nitem 144 144 144 144 
Nparticipants 21 21 21 21 
Observations 3518 5011 9119 9119 










Table A4.  Summary of (G)LMMs for the probability measures for high-proficiency HSs. The cells with estimates in which there is a 
significant effect (Bonferroni correction applied) are in bold (at α-level .005). 
 P0 P1 P2+ RO RG 
 Est SE p Est SE p Est SE p Est SE p Est SE p 
Fixed Effects                
(Intercept) -3.431 .318 <.001 -.212 .177 1.00 -.003 .194 1.00 -.497 .177 .045 -.457 .192 .153 
Log frequency .232 .076 .018 .096 .033 .027 -.276 .031 <.001 -.160 .034 <.001 -.215 .038 <.001 
Length scaled -1.090 .124 <.001 -.817 .044 <.001 1.041 .044 <.001 -.174 .045 <.001 -.232 .050 <.001 
n+1 frequency -.001 .060 1.00 .031 .029 1.00 -.020 .030 1.00 -.021 .032 1.00 -.119 .034 <.001 
n+1 length -.034 .085 1.00 .066 .041 .972 -.074 .042 .693 -.018 .045 1.00 -.094 .048 .450 
n-1 frequency .088 .060 1.00 .007 .029 1.00 -.014 .030 1.00 -.128 .032 <.001 -.028 .034 1.00 
n-1 length -.094 .086 1.00 .072 .042 .792 -.038 .043 1.00 -.315 .047 <.001 -.058 .049 1.00 
Saccade amplitude -.025 .015 1.00 .017 .009 .477 .001 .010 1.00 .054 .009 <.001 -.029 .010 .036 
Sentence position -1.228 .242 <.001 .195 .124 1.00 .125 .127 1.00 -.459 .132 <.001 -.414 .140 .027 
Landing .134 .106 1.00 .604 .076 <.001 -1.156 .097 <.001 -.840 .084 <.001 .161 .080 .405 
Random Effects 
               
τ00, word .572 .186 .074 .137 .258 
τ00, sentence .177 .000 .005 .088 .069 
τ00, participants .406 .335 .456 .254 .314 
Nword 76 763 763 763 763 
Nitem 144 144 144 144 144 
Nparticipants 21 21 21 21 21 
Observations 9119 9119 9119 9119 9119 










Table A5.  Summary of LMMs for the duration measures for Low-proficiency HSs. The cells with estimates in which there is a 
significant effect (Bonferroni correction applied) are in bold (at α-level .005). 
 Log FFD Log SFD Log GD Log TT 
 Est SE p Est SE p Est SE p Est SE p 
Fixed Effects             
(Intercept) 5.823 .084 <.001 5.696 .096 <.001 6.593 .102 <.001 7.621 .105 <.001 
Log frequency -.069 .015 <.001 -.065 .019 <.001 -.156 .021 <.001 -.241 .023 <.001 
Length scaled .056 .019 .099 .000 .029 1.00 .332 .029 <.001 .308 .032 <.001 
n+1 frequency -.034 .013 .144 .012 .017 1.00 .012 .018 1.00 -.034 .020 1.00 
n+1 length -.062 .019 .018 .018 .024 1.00 .012 .025 1.00 -.015 .026 1.00 
n-1 frequency .002 .013 1.00 -.001 .017 1.00 -.006 .018 1.00 -.006 .019 1.00 
n-1 length .024 .019 1.00 .081 .026 .009 .055 .027 .324 -.038 .027 1.00 
Saccade amplitude -.012 .006 .297 -.018 .003 <.001 -.030 .003 <.001 .005 .002 .639 
Sentence position .257 .074 <.001 .218 .091 .117 .272 .101 .045 -.342 .102 .009 
Landing -.055 .054 1.00 .136 .035 <.001 .117 .037 .009 -.106 .027 <.001 
Random Effects             
σ2 .331 .311 .520 .272 
τ00, word .000 .010 .041 .060 
τ00, sentence .000 .000 .000 .01 
τ00, participants .081 .090 .090 .079 
Nword 143 145 145 145 
Nitem 30 30 30 30 
Nparticipant 27 27 27 27 
Observations 2449 1522 3971 3971 









Table A6.  Summary of (G)LMMs for the probability measures for Low-proficiency HSs. The cells with estimates in which there is a 
significant effect (Bonferroni correction applied)  are in bold (at α-level .005). 
 P1 P2+ RO RG 
 Est SE p Est SE p Est SE p Est SE p 
Fixed Effects             
(Intercept) -.766 .253 .018 .655 .240 .063 .294 .346 . 1.00 -.785 .355 .234 
Log frequency .262 .055 <.001 -.252 .054 <.001 -.198 .050 <.001 -.193 .059 .009 
Length scaled -.883 .079 <.001 .754 .077 <.001 -.108 .073 1.00 -.173 .084 .360 
n+1 frequency -.078 .049 1.00 .075 .048 1.00 -.088 .046 .513 -.163 .053 .018 
n+1 length -.098 .071 1.00 .120 .070 .765 -.097 .069 1.00 -.189 .077 .126 
n-1 frequency -.043 .050 1.00 .057 .049 1.00 -.171 .048 <.001 .080 .053 1.00 
n-1 length -.177 .072 .126 .192 .071 .063 -.399 .071 <.001 .003 .0878 1.00 
Saccade amplitude .046 .013 <.001 -.040 .012 .009 .068 .014 <.001 -.039 .018 .324 
Sentence position -.329 .280 1.00 .282 .273 1.00 -1.911 .260 <.001 -.610 .287 .306 
Landing .381 .133 .036 -.388 .130 .027 -.585 .133 <.001 .320 .130 .126 
Random Effects             
τ00, word .187 .184 .087 .183 
τ00, sentence .000 .000 .070 .048 
τ00, participants .244 .136 1.763 1.512 
Nword 145 145 145 145 
Nitem 30 30 30 30 
Nparticipant 27 27 27 27 
Observations 4016 4016 4016 4016 










Table A7. Summary of LMMs for the duration measures in the L2 learner group. The cells with estimates in which there is a 
significant effect (Bonferroni correction applied)  are in bold (at α-level .005). 
 Log FFD Log SFD Log GD Log TT 
 Est SE p Est SE p Est SE p Est SE p 
Fixed Effects             
(Intercept) 5.600 .087 <.001 5.748 .088 <.001 6.337 .114 <.001 7.298 .133 <.001 
Log frequency -.045 .019 .126 -.070 .020 <.001 -.079 .025 .001 -.099 .026 <.001 
Length scaled .018 .025 1.00 -.046 .031 1.00 .300 .035 <.001 .275 .037 <.001 
n+1 log frequency -.011 .017 1.00 .008 .018 1.00 -.002 .022 1.00 -.023 .023 1.00 
n+1 length -.034 .025 1.00 .024 .025 1.00 .057 .031 .576 -.000 .030 1.00 
n -1 log frequency -.001 .017 1.00 -.011 .018 1.00 -.023 .022 1.00 -.035 .021 .918 
n -1 length .012 .025 1.00 .036 .026 1.00 .004 .032 1.00 -.085 .032 .063 
Saccade amplitude -.003 .007 1.00 -.011 .004 .027 -.017 .005 .009 -.005 .004 1.00 
Sentence position .171 .094 .603 .095 .095 1.00 .219 .119 .594 -.092 .120 1.00 
Landing -.205 .067 .018 .049 .034 1.00 -.028 .045 1.00 -.110 .036 .018 
Random Effects 
            
σ2 .232 .203 .482 .294 
τ00, word .004 .021 .047 .073  
τ00, sentence .001 .004 .003 .004  
τ00, participants .032 .023 .067 .184  
Nword 146 147 149 149 
Nitem 30 30 30 30 
Nparticipants 27 27 27 27 
Observations 927 1145 2083 2083 









Table A8.  Summary of GLMMs for the probability measures in the L2 learner group. The cells with estimates in which there is a 
significant effect (Bonferroni correction applied)  are in bold (at α-level .005). 
 P1 P2+ RO RG 
 Est SE p Est SE p Est SE p Est SE p 
Fixed Effects             
(Intercept) -.253 .316 1.00 .288 .307 1.00 -.343 .321 1.00 -.427 .333 1.00 
Log frequency .042 .068 1.00 -.053 .067 1.00 -.021 .056 1.00 -.072 .064 1.00 
Length scaled -1.002 .102 <.001 .933 .098 <.001 -.053 .083 1.00 -.055 .092 1.00 
n+1 frequency .001 .064    1.00 .003 .062 1.00 -.016 .053 1.00 -.110 .059 .576 
n+1 length -.164 .091 .657 .156 .089 .729 -.082 .077 1.00 -.246 .085 .036 
n-1 frequency .025 .064 1.00 -.029 .062 1.00 -.037 .053 1.00 .036 .059 1.00 
n-1 length .052 .095 1.00 -.054 .093 1.00 -.189 .080 .162 -.084 .088 1.00 
Saccade amplitude .035 .018 .477 -.035 .018 .495 .055 .018 .018 -.017 .018 1.00 
Sentence position .025 .353 1.00 -.103 .345 1.00 -.675 .286 .162 -.668 .321 .333 
Landing .679 .179 <.001 -.680 .177 <.001 -.491 .149 .009 .296 .149 .423 
Random Effects             
τ00, word .246 .225 .052 .164 
τ00, sentence .000 .000 .024 .000 
τ00, participants .362 .312 1.019 .986 
Nword 149 149 149 149 
Nitem 30 30 30 30 
Nparticipant 27 27 27 27 
Observations 2083 2083 2083 2083 









Table A9. Summary of LMMs for the pretest assessments for high-proficiency HSs. The cells with estimates in which there is a 
significant effect (Bonferroni correction applied)  are in bold (at α-level .012). 
 Log FFD Log SFD Log GD Log TT 
 Est SE p Est SE p Est SE p Est SE p 
Fixed Effects             
(Intercept) 5.554 .047 <.001 5.596 .038 <.001 6.027 .039 <.001 6.592 .050 <.001 
Word ID-Rus -.031 .039 1.00 -.042 .033 .836 -.053 .034 .484 -.031 .046 1.00 
Word ID-Eng -.068 .061 1.00 -.064 .053 .908 -.102 .054 .232 -.011 .072 1.00 
ORF-Rus -.170 .037 <.001 -.123 .032 <.001 -.212 .032 <.001 -.231 .043 <.001 
ORF-Eng .076 .059 .800 .073 .051 .620 .112 .053 .132 .044 .070 1.00 
Log frequency -.049 .010 <.001 -.046 .008 <.001 -.096 .008 <.001 -.154 .010 <.001 
Length scaled .110 .012 <.001 .024 .011 .112 .250 .010 <.001 .254 .012 <.001 
Saccade amplitude -.007 .003 .192 .006 .002 .068 .000 .002 1.00 .007 .002 <.001 
Sentence position .019 .039 1.00 .085 .029 .016 .052 .029 .296 -.179 .032 <.001 
Landing .054 .033 .400 .089 .017 <.001 -.009 .016 1.00 -.136 .016 <.001 
Random Effects             
σ2 .218 .163 .253 .248 
τ00, word .005 .008  .016 .030 
τ00, sentence .001 .005 .001 .015 
τ00, participants .024 .018 .019 .035 
Nword 763 763 763 763 
Nitem 144 144 144 144 
Nparticipant 21 21 21 21 
Observations 3587 5128 9321 9321 









Table A10. Summary of LMMs for the pretest assessments for Low-proficiency HSs. The cells with estimates in which there is a 
significant effect (Bonferroni correction applied)  are in bold (at α-level .012). 
 Log FFD Log SFD Log GD Log TT 
 Est SE p Est SE p Est SE p Est SE p 
Fixed Effects             
(Intercept) 5.755 .073 <.001 5.620 .081 <.001 6.552 .077 <.001 7.551 .077 <.001 
Word ID-Rus -.008 .064 1.00 .022 .068 1.00 .018 .057 1.00 -.092 .052 .312 
Word ID-Eng .002 .063 1.00 .023 .068 1.00 .125 .056 .104 .106 .052 .172 
ORF-Rus -.075 .064 .960 -.047 .069 1.00 -.103 .057 .292 -.052 .053 1.00 
ORF-Eng -.111 .066 .364 -.112 .071 .448 -.108 .058 .260 -.068 .054 .840 
Log frequency -.060 .014 <.001 -.073 .020 <.001 -.160 .021 <.001 -.237 .022 <.001 
Length scaled .061 .019 .008 -.017 .030 1.00 .323 .028 <.001 .317 .031 <.001 
Saccade amplitude -.010 .006 .024 -.017 .003 <.001 -.028 .003 <.001 .003 .002 .744 
Sentence position .253 .070 <.001 .392 .081 <.001 .353 .087 <.001 -.327 .082 <.001 
Landing -.064 .054 .936 .133 .035 <.001 .110 .037 .012 -.108 .027 <.001 
Random Effects 
            
σ2 .324 .300 .519 .274 
τ00, word .005  .020 .040  .057  
τ00, sentence .001  .000 .000  .010  
τ00, participants .074 .081 .058  .051  
Nword 145 145 145 145 
Nitem 30 30 30 30 
Nparticipant 27 27 27 27 
Observations 2408 1604 4074 4074 









Table A11. Summary of LMMs for the pretest assessments for L2 learners. The cells with estimates in which there is a significant 
effect (Bonferroni correction applied) are in bold (at α-level .012). 
 Log FFD Log SFD Log GD Log TT 
 Est SE p Est SE p Est SE p Est SE p 
Fixed Effects             
(Intercept) 5.596 .064 <.001 5.665 .060 <.001 6.239 .083 <.001 7.198 .105 <.001 
Word ID-Rus .018 .047 .1.00 .003 .034 1.00 -.034 .061 1.00 .015 .098 1.00 
Word ID-Eng -.023 .047 1.00 -.080 .035 .088 .106 .062 .348 .132 .099 .724 
ORF-Rus -.035 .042 1.00 .039 .031 .852 -.112 .056 .176 -.191 .089 .124 
ORF-Eng -.025 .040 1.00 .027 .030 1.00 .002 .053 1.00 -.001 .084 1.00 
Log frequency -.047 .015 .012 -.068 .017 <.001 -.064 .021 .008 -.063 .022 .016 
Length scaled .019 .021 1.00 -.070 .027 .036 .292 .030 <.001 .296 .032 <.001 
Saccade amplitude -.003 .006 1.00 -.009 .004 .036 -.011 .005 .064 -.006 .004 .480 
Sentence position .110 .064 1.00 .196 .065 .012 .248 .081 .008 -.189 .083 .092 
Landing -.190 .063 .008 .049 .033 .548 -.019 .044 1.00 -.131 .035 <.001 
Random Effects             
σ2 .233 .206 .498 .308 
τ00, word .002  .019 .042  .069 
τ00, sentence .001  .000  .004  .010 
τ00, participants .031  .017 .061  .166 
Nword 146 147 149 149 
Nitem 30 30 30 30 
Nparticipant 27 27 27 27 
Observations 1123 1374 2516 2516 











 Appendix B includes supplementary materials for Chapter 3: three supplementary tables (B1 - B3). The tables include summaries of  











Table B1. Comparison of eye movements characteristics between three reading strategies. Significant differences are in bold. 











Times word  
read 
Total Time  
sentence 
Predictors Est SE p Est SE p Est SE p Est SE p Est SE p Est SE p 
Reference:  
Fluent Strategy 
(Intercept) 6.1 .05 <.001 .15 .01 <.001 .12 .01 <.001 1.9 .13 <.001 .95 .04 <.001 8.0 .05 <.001 
Intermediate .20 .02 <.001 -.05 .01 <.001 .14 .01 <.001 .90 .06 <.001 .46 .03 <.001 .55 .02 <.001 
Beginner .33 .02 <.001 -.08 .01 <.001 .27 .01 <.001 2.6 .08 <.001 1.2 .04 <.001 1.1 .02 <.001 
Reference:  
Beginner Strategy 
(Intercept) 6.5 .05 <.001 .07 .01 <.001 .38 .01 <.001 4.4 .13 <.001 2.2 .04 <.001 9.1 .05 <.001 
Intermediate -.12 .01 <.001 .03 .01 <.001 -.12 .01 <.001 -1.7 .05 <.001 -.75 .03 <.001 -.47 .02 <.001 
Fluent -.33 .02 <.001 .08 .01 <.001 -.27 .01 <.001 -2.6 .08 <.001 -1.2 .04 <.001 -1.1 .02 <.001 
Random effects 
σ2 .07 .01 .02 .89 .22 .08 
τ00, participants .21 .00 .01 .86 .11 .18 
τ00, sentence .02 .00 .00 .19 .02 .02 
Observations 3446 3449 3446 3449 3449 3442 









Table B2. Summary GLMMs for reading strategies for HSs. The cells with estimates in which there is a significant effect are in bold. 












Est SE p d   Est SE p d   Est SE p d 
Fixed Effects               
(Intercept) -7.1 .95 <.001   .49 .36 .516   -.89 .45 .150  
Age of Arrival .41 .31 .180 .07  .10 .25 1.0 .07  -.40 .34 .717 -.12 
Self-assessments: 
Rus. exposure .21 .45 .1.0 .22  -.32 .30 .876 -.32  .37 .38 .972 .22 
Comprehension .63 .51 .657 .72  -.30 .34 1.0 -.28  -.26 .43 1.0 -.14 
Reading pre-tests: 
ORF-Rus 2.6 .57 <.001 1.6  .21 .30 1.0 .14  -1.5 .41 <.001 -1.2 
ORF-Eng .31 .60 1.0 -.32  .24 .29 1.0 .26  -.09 .35 1.0 -.09 
Random Effects:     
τ00, sentence 1.8  .125  .497 










Table B3. Summary GLMMs for reading strategies for L2 learners. The cells with estimates in which there is a significant effect are in 












Est SE p d   Est SE p d   Est SE p d 
Fixed Effects            
(Intercept) -3.7 .70 <.001   .90 .50 .207   -1.5 .58 .033  
Self-assessments:           
Rus. exposure .57 .75 1.0  .23  .47 .53 1.0 -.31   -.47 .62 1.0 .20 
Comprehension 2.0 .73 .018  .71  .23 .44 1.0  -28  -.72 .51 .465 -.13 
Reading pre-tests:           
ORF-Rus  -.64 .89 1.0  1.7  .66 .59 .783  .16  -.65 .69 1.0 -1.2 
ORF-Eng .36 .46 1.0  -.33  -.34 .33 .924  .25  .19 .39 1.0 -.07 
Random Effects:           
τ00, sentence .291  .495  .725 












 Appendix C includes supplementary materials for Chapter 4: six supplementary tables (C1-C6). The tables include summaries of 









Table C1.  Summary of (g)LMMs for the duration measures for monolingual group for the target noun. The cells with estimates in 
which there is a significant effect (Bonferroni correction applied) are in bold. 
 FFD TT Skipping Rout Fix # Run # 
 Est SE p Est SE p Est SE p Est SE p Est SE p Est SE p 
Fixed Effects                   
(Intercept) 5.6 .19 <.001 6.27 .14 <.001 -3.3 .66 <.001 .57 .13 <.001 2.1 .22 <.001 1.6 .18 <.001 
Length .01 .05 1.0 .19 .03 <.001 -.61 .16 .001 .04 .03 1.0 .31 .05 <.001 .13 .04 .013 
Frequency  -.12 .07 .686 -.06 .05 1.0 .44 .24 .418 .04 .05 1.0 -.11 .08 1.0 -.03 .07 1.0 
Grammaticality -.01 .06 1.0 .17 .04 <.001 -.27 .17 .886 .12 .04 .014 .23 .06 .001 .16 .05 .011 
Transparency -.05 .06 1.0 -.04 .04 1.0 -.08 .17 1.0 .03 .04 1.0 -.00 .06 1.0 .00 .05 1.0 
Gender .01 .06 1.0 -.03 .04 1.0 .23 .18 1.0 -.02 .04 1.0 -.01 .06 1.0 .03 .05 1.0 
Block -.02 .06 1.0 -.24 .04 <.001 .35 .17 .266 -.15 .03 <.001 -.32 .06 <.001 -.25 .05 <.001 
Random Effects 
                  
σ2 .11 .21 3.29 .18 .85 .53 
τ00, participants .03  .09  1.30  .04  .32  .18  
τ00, sentence .00  .01  .04  .01  .01  .01  
Observations 158 1044 1270 1044 1270 1270 















Table C2.  Summary of (g)LMMs for the duration measures for monolingual group for the prime adjective. The cells with estimates in 
which there is a significant effect (Bonferroni correction applied) are in bold. 
 FFD TT Skipping Rout Fix # Run # 
 Est SE p Est SE p Est SE p Est SE p Est SE p Est SE p 
Fixed Effects                   
(Intercept) 5.27 .19 <.001 6.40 .16 <.001 .15 .75 .086 .43 .10 <.001 2.46 .37 <.001 2.20 .32 <.001 
Length -.03 .08 1.0 .04 .06 1.0 .59 .28 .423 .03 .04 1.0 .17 .14 1.0 .04 .12 1.0 
Frequency  .06 .06 1.0 -.05 .05 1.0 1.03 .25 1.0 .02 .03 1.0 -.05 .13 1.0 -.10 .11 1.0 
Grammaticality .07 .04 .651 .09 .04 .098 .85 .18 1.0 .04 .02 .955 .25 .09 .032 .15 .08 .371 
Transparency -.05 .05 1.0 -.01 .04 1.0 1.05 .19 1.0 -.02 .03 1.0 -.03 .10 1.0 .02 .08 1.0 
Gender .02 .07 1.0 .01 .06 1.0 1.05 .27 1.0 .02 .04 1.0 .09 .13 1.0 .01 .11 1.0 
Block -.03 .04 1.0 -.21 .03 <.001 .89 .17 1.0 -.09 .02 <.001 -.31 .08 .001 -.22 .07 .006 
Random Effects 
                  
σ2 .07 .26 3.29 .16 1.43 1.01 
τ00, participants .02  .14  1.43  .04  .59  .37  
τ00, sentence .00  .00    .00  .02  .02  
Observations 181 1161 1270 1161 1270 1270 















Table C3.  Summary of (g)LMMs for the duration measures for HS group for the target noun. The cells with estimates in which there 
is a significant effect (Bonferroni correction applied) are in bold. 
 FFD TT Skipping Rout Fix # Run # 
 Est SE p Est SE p Est SE p Est SE p Est SE p Est SE p 
Fixed Effects                   
(Intercept) 6.01 .22 <.001 8.01 .25 <.001 -2.44 1.39 .563 .67 .13 <.001 8.21 1.03 <.001 2.30 .27 <.001 
Length .03 .05 1.0 .34 .06 <.001 -.67 .36 .427 .03 .03 1.0 1.47 .25 <.001 .10 .06 .610 
Frequency  -.10 .07 1.0 -.35 .09 .001 .15 .52 1.0 .00 .04 1.0 -1.78 .38 <.001 -.04 .09 1.0 
Grammaticality -.01 .06 1.0 .04 .07 1.0 .47 .39 1.0 .04 .03 1.0 .03 .30 1.0 .13 .07 .598 
Transparency .03 .06 1.0 .20 .07 .036 .35 .39 1.0 .06 .03 .713 .82 .30 .044 .03 .07 1.0 
Gender -.06 .06 1.0 .05 .07 1.0 -.30 .40 1.0 -.05 .04 1.0 .03 .31 1.0 -.05 .08 1.0 
Block -.05 .06 1.0 -.38 .05 <.001 -.61 .36 .646 -.13 .03 .001 -1.02 .22 <.001 -.28 .07 <.001 
Random Effects 
                  
σ2 .31 .30 3.29 .22 7.15 .81 
τ00, participants .01  .03  .22  .00  .47  .02  
τ00, sentence .07  .23  .82  .02  1.76  .07  
Observations 464 887 910 887 910 910 












Table C4.  Summary of (g)LMMs for the duration measures for HS  group for the prime adjective. The cells with estimates in which 
there is a significant effect (Bonferroni correction applied) are in bold. 
 FFD TT Skipping Rout Fix # Run # 
 Est SE p Est SE p Est SE p Est SE p Est SE p Est SE p 
Fixed Effects                   
(Intercept) 5.84 .23 <.001 8.21 .24 <.001 1.26 1.66 1.0 .78 .17 <.001 8.72 1.04 <.001 3.34 .48 <.001 
Length .00 .08 1.0 .10 .08 1.0 1.40 .63 1.0 .10 .06 .682 .74 .37 .329 .06 .19 1.0 
Frequency  .02 .07 1.0 -.28 .07 .001 .52 .52 1.0 -.04 .06 1.0 -.57 .33 .591 -.07 .16 1.0 
Grammaticality .04 .05 1.0 .05 .05 1.0 .71 .41 1.0 .02 .04 1.0 .24 .23 1.0 .11 .11 1.0 
Transparency -.05 .05 1.0 -.01 .06 1.0 1.31 .45 1.0 .04 .04 1.0 -.13 .25 1.0 .06 .13 1.0 
Gender .00 .07 1.0 -.21 .08 .047 .40 .58 .842 -.01 .06 1.0 -.36 .35 1.0 -.00 .17 1.0 
Block -.05 .05 1.0 -.28 .04 <.001 .37 .43 .151 -.16 .03 <.001 -1.44 .20 <.001 -.50 .09 <.001 
Random Effects 
                  
σ2 .30 .31 3.29 .20 7.54 1.23 
τ00, participants .00 .01 .25 .00 .15 .06 
τ00, sentence .09 .42 .00 .03 3.11 .25 
Observations 535 893 910 893 910 910 















Table C5.  Summary of (g)LMMs for the duration measures for L2 group for the target noun. The cells with estimates in which there is 
a significant effect (Bonferroni correction applied) are in bold. 
 FFD TT Skipping Rout Fix # Run # 
 Est SE p Est SE p Est SE p Est SE p Est SE p Est SE p 
Fixed Effects                   
(Intercept) 6.11 .20 <.001 7.51 .28 <.001 -7.00 1.25 <.001 .46 .12 .001 6.19 .91 <.001 2.30 .24 <.001 
Length -.07 .04 .824 .21 .06 .004 -.02 .26 1.0 -.03 .02 1.0 .96 .20 <.001 -.01 .05 1.0 
Frequency  -.13 .06 .288 -.25 .10 .073 .97 .39 .082 .04 .04 1.0 -1.17 .31 .001 -.08 .08 1.0 
Grammaticality .02 .05 1.0 .01 .08 1.0 .24 .31 1.0 -.02 .03 1.0 -.15 .24 1.0 -.03 .06 1.0 
Transparency .04 .05 1.0 .18 .08 .124 -.27 .31 1.0 .04 .03 1.0 .67 .25 .043 .16 .06 .062 
Gender .10 .06 .560 .12 .08 .862 .26 .30 1.0 .02 .03 1.0 .12 .26 1.0 .08 .06 1.0 
Block -.10 .05 .472 -.26 .07 .001 .54 .31 .541 -.04 .03 1.0 -.69 .23 .018 -.21 .06 .003 
Random Effects 
                  
σ2 .25 .30 3.29 .21 3.80 .84 
τ00, participants .02  .12  2.32  .04  1.14  .28  
τ00, sentence .00  .03  .00  .00  .35  .00  
Observations 429 888 931 888 931 931 












Table C6.  Summary of (g)LMMs for the duration measures for L2  group for the prime adjective. The cells with estimates in which 
there is a significant effect (Bonferroni correction applied) are in bold. 
 FFD TT Skipping Rout Fix # Run # 
 Est SE p Est SE p Est SE p Est SE p Est SE p Est SE p 
Fixed Effects                   
(Intercept) 6.17 .23 <.001 7.95 .23 <.001 .01 1.46 .011 .64 .13 <.001 6.81 .72 <.001 3.57 .41 <.001 
Length -.09 .09 1.0 -.06 .09 1.0 1.02 .57 1.0 .03 .05 1.0 .48 .27 .545 .00 .16 1.0 
Frequency  -.17 .08 .214 -.34 .08 <.001 .79 .52 1.0 -.05 .04 1.0 -.80 .24 .008 -.27 .14 .392 
Grammaticality .02 .05 1.0 -.02 .05 1.0 1.05 .36 1.0 -.00 .03 1.0 -.02 .17 1.0 .02 .10 1.0 
Transparency .05 .06 1.0 -.06 .06 1.0 1.22 .39 1.0 -.01 .03 1.0 -.07 .18 1.0 -.05 .11 1.0 
Gender -.06 .08 1.0 -.21 .08 .064 .78 .54 1.0 -.07 .05 .906 -.64 .26 .084 -.22 .15 .935 
Block -.09 .05 .745 -.19 .05 .002 1.60 .36 1.0 -.07 .03 .119 -.73 .17 <.001 -.34 .10 .003 
Transparency  
*Gender 
               .72 .22 .010 
Random Effects 
                  
σ2 .24 .26 3.29 .19 4.01 1.36 
τ00, participants .03  .20  1.49  .03  1.87  .50  
τ00, sentence .00  .01    .00  .08  .03  
Observations 420 905 931 905 931 931 
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